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ability of the low carbon grades 


and shallow hardening steels is 


4 d L an additional enhancement of 
he em -quenec test this possibility. Detailed infor 


= evaluating 


— 


VER SINCE 1922, when McQvuaw and Eun 
published their classic paper on the “Effect of 
Quality of Steel in Case Carburizing Results”, 
metallurgists have been engaged in extensive 
research to improve their methods of testing. 
The purpose was to anticipate the physical 
characteristics of steels, particularly with refer- 
ence to applications in service. 

The fields of study receiving the most atten 
tion recently are grain size and hardenability. 
Many methods of grain size determinations and 
methods of hardenability measurements have 
been developed. With proper interpretation 
practically all have considerable merit. The 
almost limitless applications and uses have 
made the attainment of a single standardized 
test for either grain size or hardenability of the 
S.A.E. steels seem only a remote possibility. 

Among the most practical methods of hard 
enability testing is the end-quench test devised 
by W. E. Jominy and A. L. BorGeno ip of General 
Motors’ Research Laboratories. Because of its 
simplicity, accuracy and reproducibility, their 
method should come the closest to a standard 
ized measuring stick for evaluating the harden- 
ability of different grades and heats of steel 
rhe recent revision of the design of the speci- 
men to measure more accurately the harden- 


of steel 


mation on these tests may be 
secured from original articles 
in the @ Carburizing Sym 
posium, Hardenability Sym 
posium, and Transactions for 
December 1939. Summaries 
have been published in Meral 
Progress by Roserr S. ArcHer 
(January to March 1939) and 
in November 1940 by Mr. Jom 
iNY himself. 

The practical use of the 
end-quench test is shown by 
two outstanding features. The 
first is the extremely rapid 
quenching of the base end of 
the specimen by continuous contact with an 
impinging stream of water; gradually slowe1 
rates of cooling occur from this point to the 
upper, unquenched end of the specimen. The 
second feature is the speed and facility of 
obtaining the hardness values. No delay occurs 
because of cutting and grinding sections with 
attendant danger of tempering, as is the case 
with the fully quenched cylindrical specimens 
which require a hardness survey of a transverse 
section. 

The value of any test is to correlate its 
results to the use of the material in service. The 
end-quench test ideally serves this purpose for 
steel, because the cooling rates as measured 
along the specimen may be correlated by com- 
parative measurements of cooling rates at any 
selected location on heat treated parts. Jomimny 
has explained how this is done in his paper in 
Meta. ProGress two months ago. 

It is also true that the metallurgical labora- 
tories of the various steel manufacturers should 
have a practical and useful tool for evaluating 
grades and heats of steel in terms of harden- 
ability. Such an evaluation, with the coopera 
tion of the consumer, will result in a more 
intelligent application of steel with the proper 


hardening characteristics for the intended serv 
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Hardenability Line as Developed by 
Etching End-Quench Test Pieces in 20% 
Nitric Acid in Alcohol. “Hardenability 
Numbers” are 1, 5 and 8 respectively 


ice. With this in view, the metal- 
lurgical laboratory of the Pittsburgh 
Crucible Steel Co. has developed, by 
means of the end-quench test, a 
practical method for steel evalua- 
tion at the source. 

We have found that all the 
water and oil hardening S.A.E. 
steels may be evaluated by this 
method, if they have suflicient hard- 
enability to harden to Rockwell 
C-50 at a minimum distance of 2/16 in. from the 
quenched end. C-50 hardness was selected 
arbitrarily; its location on the end-quench 
specimen in many steels, particularly carbon 
steels, is sufliciently sharp to be revealed by 
suitable etching. The accompanying halftone 
illustrates this hardenability line as revealed by 
etching in a 20% solution of nitric acid and 
alcohol. The value of Rockwell C-50, when 
referring to center hardnesses of rounds (as 
determined by comparison with the correspond- 
ing distance measured on the Jominy specimen) 
is intended to imply “critical hardening size” 
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When steels show greater hardnesses one inch 
from the end, the Rockwell impressions are con- 
tinued at sixteenths to a distance !, in. beyond 
the point where C-50 is found. At distances 
further than one inch the change in hardness is 
usually so gradual that the impressions may be 
more widely spaced. 
Samples from a heat of steel which harden 
2 16 in. from the quenched end to C-50 are 
given a hardenability number of 2. Another 
heat that would harden to Rockwell C-50 at a 
distance of 8/16 in. would by the same token be 
termed a No. 8 hardenability steel. 
In order to correlate 


these hardenabilities with 





Rounds Quenched 
In Water \* 





NW 


Rounds Quenched in Oil 


Diameter of Bar, Inches 
™“ \ 










Rounds Cooled in Still Air - 


centers of sections of 
increasing diameter, curves 
were re-plotted from cooling 
data shown in Jominy’s 
paper in the @ Harden- 
ability Symposium. These 
curves, reproduced at the 
left, show the cooling rates 


at various distances along 








0 V4 Yo 34 ] 1% l%e 134 
Distance fram End of Jominy Test, Inches 


2 le 2 the end-quench specimen 
versus the center cooling 


rates of rounds of vari- 


Meaning of These Curves: Steel at the surface of a Jominy (end 


quench) test piece and *% in, from its end 


will cool through the critical range at the same rate as the center 
of a 2-in, bar quenched in oil, or a 3-in, bar quenched in water 


as set forth by Messrs. Grossmann, Asimow and 
Urban in the 1939 Hardenability Symposium, @. 

The hardness impressions shown on the 
sides of the specimens are taken at sixteenths 
of an inch increments a distance of one inch 
from the quenched end of the specimen. With 
the exception of very deep hardening steels the 


C-50 value always occurs within this distance. 


for example ous Cross sections when 


quenched by immersion. For 
convenience our “harden- 
ability numbers for heat 
evaluation” and the corresponding diameters 
of rounds are shown in the first table on the 
next page. 

We have made many experiments to verify 
these figures and find that the actual center 
hardnesses of *4 to 3-in. rounds, when quenched 
either in water or oil, have checked invariably 


with hardnesses found at the distances along 
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the end-quench specimen called for on the 
before-mentioned chart. 
Some comparative results are shown in 


In these tests the oil used was 
90) 


the second table. 


Houghton’s No. 2 maintained between and 


Correlation of Hardenability Number 
With Critical Hardening Size 





HARDEN- DIAMETER OF ROUND IN INCHES HAVING 
ABILITY EQUIVALENT CENTER COOLING Ratt 
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j 1% , 
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6 1% 
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JoMINY specimens; these are charged together 
into the furnace and quenched into a 10° brine 
solution, The specimens are then polished and 
etched for grain size examination as described 
by HerasyMENKO in Mera Progress, Sept, 1936. 
A more complete determination of the grain 


heat thus be 


size characteristics of a may 

obtained. It is quite generally recognized that 
the temperature of 1700° F. required by the 
McQvuaw-Eun carburizing test is usually well 


above the temperatures employed for normaliz 
ing or quenching the water and oil hardening 
In 


coarsened 


steels. many instances steels which have 


at 1700° F 


grained at correct quenching temperatures. 


are still uniformly fine 


Control of Steel for Slider Gear 


Che application of a 0.50% carbon steel for 


a transmission (second and third speed 


gear 
slider gear) is an example requiring close con- 
trol of the hardenability number, heat by heat. 


Che system of testing outlined above showed 


best results were secured from heats with No. 4 


and No. 5 end-quench hardenability. The sensi- 


tivity of this grade of steel in relation to equiva 
lent critical hardening sizes, differences in grain 


size, and content of carbon, manganese and 


Verification of Correlation for Various Steels and Sizes 














110° F. Scale and decarburiza- 
: . ' Rock WELL HARDNESS 
tion were machined from the DIAMETER Ou QUENCHED 
: S.A.E. No. . 
bars before treatment. and the or ROUND From (° F.) CENTER EQUIVALENT DISTANCI 
. ( LOUNI IN JOMINY Sp MEN 
rounds quenched vertically and oF HOUND | ON JOMI esesnnas 
agitatec ildlv bv hs . 35 in. 550 (-28 (*-30 
gitated mildly by hand 103 { | 
In routine appraisal of 1065 lol Jt ot) 
Te ' f | 0.40 C-Mo | 1550 19 51 
‘als, Si ‘'s for hard- ; . _ 
thi lea Np ie i al 0.40 C-Mo ] loot oe) ob 
enability testing are selected T-1340 1 1550 19 18 
generally from bloom or billet T-1345 , 1550 56 56 
. ah . T-1345 l 1550 D4 : 
sections. The test pieces are pins os = ¢ 
' d 3135 l 1oo0 1; 16 
forged to 1',-in. rounds. Prior 1140 , 1550 + 4 
to machining they are given 5135 1550 0) 50) 
. . * . - = ‘> 
preliminary heat treatments O13 loot) 44 12 
hs | O150 | 1oo0 os a9 
corresponding to those they 6150 9 1550 18 19 
will get in the hands of the 6150 3 1550 38 1() 
user. Quenching temperatures 
and time cycles are also the 


same as employed for the finished parts. 

In order to correlate the grain size of the 
steel at the normal quenching temperature with 
the hardenability results, “oxidation” grain size 
lests are conducted along with the end-quench 
tests. 


disks 


Oxidation specimens are prepared from 
the of the 


from same sections steel as 


chromium, is shown by end-quench tests in the 
tabulation on the next page. The analyses are 
of the 


than heat analyses or check analyses. 


those respective test specimens rather 


By using the end-quench test for evaluation, 
satisfactory mill heats are consistently supplied, 


even though some steels may vary in. grain 
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Variation, Heat to Heat, in 1050 Steel for Slider Gears 





The 
6150 and 3150 steels 


coarse grain type. 











ENbD-QUENCH 


ANALYSIS GRAIN Size No. 

HARDEN- 

McQuaip-EuHN | OxIDATION ABILITY 

. \ ‘ C an . ape ; Iu 5 

IN| Si - (1700° F.) | (1550°F.)| NUMBER 
0.48 | 0.65 | 0.21 | 0.07 3 7 2 
0.48 | 0.67 | 0.19 | 0.09 3 7 2 
0.51 | 0.88 | 0.22 | 0.08 3 7 3 
0.50 | 0.80 | 0.24 | 0.25 7 8 4 
0.52 | 0.82 | 0.23 | 0.24 3 7 5 
0.53 | 0.84 | 0.22 | 0.23 3 7 5 


were both very deep 


EQUIVALENT ; 
CriTIcaAL DIAMETER hardening. 


Although harden- 


WATER OIL : sa 
QuENcH | QUENCH ing characteristics may 
B in be anticipated to a rea- 
Ss . . 
Bg - sonable degree in steels 
I “2 in. by close control of 
1% %, ontieain ave dee and 
1% % analysis, grain size anc 
1% %, melting practice, never- 























coarsening temperature and show slight differ- 
ences in chemistry. The outstanding essential 
in promoting adequate hardenability for this 
part was the penetration effect induced by the 
proper manganese content. 

As another example of the utility of the 
methods described above, take the close control 
of melting practice giving heats uniformly fine- 
grained at 1700° F.; the harden- 


theless the end-quench 
test and our system of 
evaluation of heats affords a ready and conven- 
ient method of actually knowing the true situ- 
ation. This is accomplished to a degree of 
practical accuracy comparable to other well 
known methods of testing the physical charac- 
teristics of steels. In fact, the reproducibility 
is closer than sometimes attained by laboratory 
quenching of cylindrical sections. This is appar- 





ability of the S.A.E. 1340 steel 


may be maintained to close limits oni 
throughout the normal range of 

chemistry. Plots on the adjoin- 
ing diagram illustrate a series of 042 
heat evaluations on this grade of 

steel, the effect 
slightly increased carbon content 
and the effect of higher percent- 
ages of manganese in producing 
deeper hardening and larger criti- 
cal hardening sizes. Applications 


and show of 


O04] 
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S 
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—= Vo Car 


of heats shown by evaluation to 
be from No. 4 to No. 5 end-quench 
hardenability have been consist- 


> 
© 


ently satisfactory for transmis- 038 


sion spline shafts and first and 
If 


1everse slider gears. a steel 





Q357 














with excessively deep hardening A 
characteristics is used for spline 
shafts, high distortion and con- 
sequent breakage during the 
straightening operation will 


result. 


Heats of S.A.E. 1340 used for steering knuckles should have a high end- 
quench hardenability, that is to say, No. 6 through No. 8 for excellent heat 


treating results. 


The table on page 41 lists the heat evaluations and equivalent criti- 
The deeper hardening charac- 
ter of one of the 3135 steels was induced by its appreciably higher percentage 
of alloy, especially manganese; it had the same hardenability as the fine- 
The chromium-molybdenum S.A.E. 4135 steel, fine grained, 
showed the same hardenability as the straight chromium S.A.E. 5135 of the 


cal hardening sizes of various S.A.E. steels. 


grained 3140. 
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170 17S 180 
——+ % Manganese 


Hardenability Numbers of 20 Heats of S.A.E. 
1340 Steel, Indicating Variation With Normal 
Variations in Carbon and Manganese Contents 





Hardenability Evaluation of Representative Heats of S.A.E. Steels 








: : : ; EQUIVALENT 
T CHEMICAL ANALYSIS GRAIN S1zeE No. Bowe eNcH | Carricat, DIAMETER 
aot — ARDENABILITY 
No. : McQuaip-Emn | Oxipation ty WATER Ou 
C Mn) Ni Cr Mo re F.) Al F. re QOvVENCH QUENCH 
3135 | 0.36 | 0.63) 1.18 | 0.60 3 6 at 1550 { 1% in. % in 
3135 | 0.36 | 0.78) 1.35) 0.69 3 7 1550 6 1% l 
3140 | 0.42 | 0.75/1.41/0.72| .... 7 8 1550 6 1%, i 
5135 | 0.35 0.75 Ss i= 3 7 1575 { 1% ‘ 
$135 | 0.35) 0.70 1.06; 0.21 7 8 1575 4 1% 
$140 | 0.41) 0.65 .'0.95! 0.19 6 7 1550 6 1% 1 
4140 |0.39/)0.77|....1)1.02| 0.21 6 7 1550 7 1% 1% 
29330 | 0.32) 0.68) 3.44/.... pars 7 8 1550 4 1% y 
C-Mo | 0.62) 0.76 tae 0.20 8 8 1525 5 1% ™% 
6150 | 0.52) 0.75|....| 1.00) 0.19 V 7 8 1550 11 2% 1% 
3150 | 0.48} 0.74! 1.38 | 9.72 7 s 1550 10 2% 1% 








ent, particularly, in the oil quenching of grades 
and sizes of such hardenability that the effi- 
ciency of the quench is materially influenced by 
decarburization, oil vis- 


scale, temperature, 


may be interpreted in relation to critical harden- 
ing sizes in the same manner as the as-quenched 
JomMIny samples. Preliminary results obtained 


on three grades of S.A.E. steels of hardenability 


cosity, and circulation. No. 4, 6 and 11 respectively are shown in the 
graphs assembled at the bottom of this page. 
Tempering of Test Pieces Analyses, grain size, and quenching tempera 
tures of the specimens prior to tempering are 


Tests are now being run to determine the shown alongside the curves 
















































































































changes in hardness along end- 
quench specimens of various S.A.E. . 
steels after tempering. The results “ As Quenchead fram 1550% 
60 a an ne hh hn 
400% ” 
wes : 00 J -Hardenability No 
Re-Survey of Hardness Along End-  ¢p | y Equivalent to . 
Quenched Specimen After Tempering 500 F C44" Dia, Water Quenched 
“ar ion ‘ OUU 12g*T) ty, Poorer 
fo the Various Temperatures Shown o ia, Hl GQUENCNCA 
N00 
U 
40 iit 
60 As Quenched 1000 °F 
od Pom I550% 
30 
400% No. & eran “—. 
50 {— +4 <— . VQ 1200 % at 
aa (72 WAWG > —_— 
500%. Dia La ‘a SAE 6150 
ct r+ Grain Size: No.6 at 1550 % 
800% ewer 
40 7 ? J ot .< 
As Quenched 
60 f 70M 1525 F 10 
' v 1% 5 Yon SA a4 "7 1h, - ON 
-400 °F | 39 000% 64% 2 eh % } 4 é c Cb 3 
lng t Analyses of the Specimens 
~ OWE awa | | 60 | 71340 | 1050 _| 
S 600% Nia [ 200% ; 052 0.4) O50 
34°Di2,0.Q ‘ v 
= | 7 20 y ; j x ’ 
~ Ea . —..___ Mn } Os 1.89 0.87 
o 800 FR SAE T-1340 Pp ( 7 0.018 0.022 
a@ | r Grain Size: No.8 at 1550°F | U.008 | 9.030 
& 10 No.7? at 1700 ¥ Si | G20 0.28 0.25 
ee a U . - ” ur An 
% 1900 % tetetele SeteYet 1m We te 2 2m _Y | 018 | 
is + $—_+—_}_+ r ‘ ' ' 
2 
~ 
1200 °F ' ' 
20F Rsielicaitlinil The drop in hardness of these steels 
> 4s y after tempering at various temperatures, 
Grain Size: No. & & a . : 
10 No. 3 at 1700 °F at locations on the Jominy specimens 
Ve Va Ya te Sa Ya Ya Ma It 134 2 2" equivalent to their respective critical hard- 


Inches from End ening diameters as-quenched either in 
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water or oil, is illustrated in the small table on 
this page. The figures were taken from the 
final curves by drawing a_ vertical ordinate 
through the intersection of the as-quenched 
curve with the C-50 horizontal, and reading the 
hardnesses where this vertical ordinate inter- 
sects the hardness curves after tempering. 

The table shows, for example, that the 
center hardness of a 1%,-in. oil-quenched round 
of the 6150 steel as tempered at 1200° F. will 
Slight differ- 


ence in tempered hardnesses of the steels at 


have dropped from C-50 to C-28. 


their surface is shown in the range from 400 to 
600° EF, 
brought out the considerably greater resistance 
of the S.A.E. 6150 steel to softening. 


The essential value of tempering the end- 


The higher drawing temperatures 


quench specimens is to determine the softening 
of the center hardness of the 
bars of equivalent critical 
hardening diameters. In 
this manner, practically the 
same information may be 


Hardness of End-Quench 
Specimens, C-50 as Quenched, 
After Drawing 


end-quench testing involves a complete graph of 
the hardness readings. By using the described 
method of arbitrarily selecting a hardness value 
in relation to a critical hardening line, the test 
may be readily interpreted in terms of mass. 
One practical advantage of this is that it gives 
us a means of determining critical hardening 
size in the oil or water hardening S.A.E, steels 
without the involved procedure of numerous 
evlindrical specimens of various diameters. 

The selection of a hardness value on the 
JOMINY specimen to denote equivalent center 
hardness may be changed in accordance with 
any figure desired. For example, if the center 
hardness of C-45 would be satisfactory for a 
steel before tempering, then the distance along 
the Jominy specimen giving this hardness may 
be selected, rather than the distence to a hard- 
ness of C-50, as used herein. 

Hardenability is one of the 
most interesting and important 
subjects in the metallurgical 
field and it is hoped that this 





obtained more readily than by 


Drawn av 6150 


hardening cylinders of criti- 00°F. | C-50 
cal hardening size, tempering, 600° F, 18 
bisecting them, and determin- 800° F. 13 

1000° F. 37 


ing their center hardness. 1200° F 





28 


T-1340 1050 paper will stimulate further 


C-49 development of methods to 


C-50 
17 15 interpret hardenability test 
3) results with respect to the 
29 29 , , . . . 
94 20) applications of the steel in final 





service. S 





The usual procedure for 
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eHing the most 


By J. B. Austin 


the Refractories Division of 
the American Ceramic Society, 
a meeting traditionally devoted 
to consumer problems. The 
main subject, “Blast Furnace 
Refractories”, attracted a good 
number of blast furnace men 
as well as manufacturers of 


refractories. 


out of modern It has long been recog- 


* 
refractories 


= IS NO ONE in this country who can 


read or hear who is not acquainted with the 
efforts being made to speed up the defense 
program, and there must be few readers of 
Merat ProGress who have not felt the pressure 
of this drive in one form or another. Many 
who are faced with demands for increased 
production from existing facilities are pushing 
their equipment to the limit — or beyond. This 
is particularly true of furnaces of all kinds and 
itis almost certain that the refractories in many 
installations are being called upon for “service” 
which really amounts to abuse. 

Although the refractories themselves can- 
not protest audibly, furnace operators, who are 
sensitive to the behavior of refractories, can 
and do so universally or at least so the brick 
makers seem to believe. At any rate, there is 
no question but that there is arising out of the 
increased metallurgical activity a whole set of 
problems — many of which are obviously not 
new but merely aggravated by present condi- 
tions which can best be solved by coopera- 
tion between the producer of refractories and 
the consumer. In the light of this situation, two 
recent technical meetings devoted to refractory 
problems have a special interest. 

The first was the annual fall meeting of 


nized that one of the chief 
causes of disintegration of blast 
furnace brick is the deposition 
of carbon through the decom- 
position of carbon monoxide 
on particles of iron oxide in the 
brick. Armed with this knowl 
edge the brick makers have 
made considerable progress 
toward the removal of this dif- 
ficultv, but there is still some 
question as to the most desir- 
able remedy. H. M. Kraner of 
the Bethlehem Steel Co. led off with an out 
standing contribution to this problem.  Afte 
a careful study of a number of blast furnace 
linings at the end of their campaign — a study 
which included chemical and petrographic 
analyses of samples taken from many different 
locations within the furnace — he has come to 
some interesting and apparently well-supported 
conclusions, 

He was unable to find any correlation 
between the amount of iron in a brick and its 
susceptibility to disintegration in the neighbor- 
hood of 950° F.. the temperature at which 
carbon deposition is most troublesome. Mr. 
Kranek further believes that merely changing 
the form of the oxide, as by converting Fe,O 
to Fe,O,, is not suflicient but that the iron must 
he converted to a silicate or some other complex 
compound. In discussion, Dr. UNGer said that 
in some tests made many years ago, he, too, had 
failed to find a correlation between iron oxide 
content and susceptibility to disintegration, but 
that he believed the amount of acid-soluble iron 
could be used a criterion. 

Another, and almost equally serious, cause 
of failure, which has not been so widely recog- 
nized, is attack by alkali. Mr. Keaner has dem- 


onstrated the presence of significant amounts 
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of nephelite (Na,O-Al.O,-2Si0.) in the disin- 
tegrated zone and the mode of occurrence indi- 
cates that the alkali is not merely absorbed but 
unites with the original material of the brick in 
a true fluxing action. Although the demonstra- 
tion of this fact is an advance in our knowledge, 
the best antidote for disintegration of blast fur- 
nace linings is not yet apparent. 

Another factor commonly credited as a 
cause Of failure is slag attack. Mr. Kraner 
believes that this term has been used much too 
loosely, that true slag attack occurs only in the 
bosh of the furnace, and that it is but a secon- 
dary influence in the destruction of a lining. 
He also thinks that the effect of abrasion is not 
nearly so serious as is commonly supposed 
since most of the wear is taken by the scab 
which protects the underlying refractory. The 
bosh of the furnace and the hearth show heavily 
vitrified zones and contain anorthite (CaQ- 
Al.O;-2Si0.) whose presence indicates that in 
this part of the furnace the chief fluxing agent 
is lime. 

The next speaker, James Wesr of Pitts- 
burgh, gave some “Reminiscences on Brick Used 
for Blast Furnaces and Hot Blast Stoves” which 
included some very human and open-minded 
remarks on the cooperation between blast fur- 
nace operators and the manufacturers of refrac- 
tories. He traced the slow recognition of the 
benefits of such cooperation from the mutual 
antagonism of 40 years ago to the present more 
enlightened attitude. That is not to say that 
present relations resemble a love feast, but the 
attitude on the whole is more sane and scientific. 


Is Bricklaying a Lost Art? 


The third paper, by A. M. Morron of the 
Pittsburgh Steel Co., dealt with “Expansion and 
Contraction of Refractories in Blast Furnaces”. 
He is a strong believer in, and made a very 
effective case for, tight bricklaying and the use 
of virtually monolithic brickwork. He does not 
favor the practice of leaving a 3-in. space 
between the lining and the shell to be filled up 
later with crushed material to take up the 
expansion. He has never seen a jacket fail 
because of expansion, and states that the 
attempt to leave such a space results in unsym- 
metrical and inferior brickwork. In his opinion 
it is much better to use insulating blocks which 
can be laid right up to the shell and which are 
soft enough to crush under excessive expansion. 
Cracked shells are chiefly fatigue failures, a 


view seconded in discussion by L. A. SMrrH. 

“Bricklaying is very nearly a lost art,” was 
a statement by Morron which aroused much 
discussion after the meeting. There are three 
general schools of thought: (1) Those who dis- 
agreed; (2) those who agreed and blamed the 
situation on the virtual disappearance of the 
apprentice system; (3) those who agreed but 
felt that the trouble was largely due to improper 
application of time studies and the setting up 
of a bogey for the job. (If a bricklayer gets a 
bonus for setting more bricks than the standard 
rate calls for, there is a great temptation to do 
sloppy work, since the bricks are soon covered 
up and the quality of the work cannot easily 
be checked.) There is probably some merit in 
‘ach of these views, if one can judge by the dis- 
tribution of adherents. 

This meeting of blast furnace men closed 
with a paper by Cuarves Harr of the Delaware 
River Steel Corp. on the “Refractory Require- 
ments of the Electric Smelting of Lron Ores”. 
His discussion was based upon experience in 
Norway and Sweden where two successful 
smelting processes have been developed. As a 
matter of fact the refractory problems in these 
processes have not been serious and could 
readily be solved with materials available in 
this country. One thing which must be guarded 
against in electric smelting is a lining which 
becomes a fair electrical conductor at the high 
temperatures involved. 

The Swedish process uses a shaft-type fur- 
nace, usually producing about 60 tons a day, 
with charcoal or coke as the reducing agent. 
The Norwegian development is a pit-type fur- 
nace, producing about 100 tons a day, which 
operates on inferior grades of fuel for its source 
of carbon. Because of this adaptability to low- 
grade fuel and because of the relative ease with 
which a number of different grades of iron can 
be produced it is likely that the Norwegian 
process will eventually displace the Swedish 
furnace. Sintered magnetite is favored as an 
ore. The use of electric power as a source of 
heat enables these furnaces to approach the 
theoretical amount of carbon required for 
reduction of the iron oxide, and they have used 
as little as 800 Ib. of carbon per ton of iron. 

It was mentioned that there is a_ project 
on foot to start electric smelting in the Pacific 
Northwest utilizing power from the Bonneville 


Dam. It is still questionable, however, whether 


the cost of power will permit profitable opera- 
tion in that region. 
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Temperature Versus Refractories 


Another reportable meeting was held in 
Chicago late in September, as a symposium on 
“Acid, Basic, and Neutral Refractories”, spon 
sored by the Chicago Section of the American 


Temperature Vs. Refractories” ls Nowhere 


Ceramic Society and the Department of Ceramik 
Engineering of the University of Illinois, to 
which members of the local sections of the 
A.S.M. and the A.I.M.E. were invited 

At this time, R. B. Sosman of the Research 
S. Steel Corp.., 


Laboratory, | discussed some 


Better Exemplified Than in the Thermal Shock 


to a Ladle Lining From the Rush of Openhearth Steel. Photo by Bethlehem Steel C: 
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frequently neglected aspects of the contest of 
“Temperature Versus Refractories”. High 
temperature in itself is not primarily a serious 
cause of destruction, being usually secondary 
to such factors as chemical reaction between 
refractories and slags or dusts, yet it does have 
some pronounced effects, both temporary and 
permanent. 

Of these effects the speaker limited him- 
self to those reversible and irreversible changes 
Which occur simply as a result of exposure to 
high temperature and did not try to include 
reactions between the refractory and its envi- 
ronment. 

There is first the reversible thermal expan- 
sion, which is the expansion and contraction 
of a lining, wall or arch which must be allowed 
for in furnace design and construction. This 
is not so simple a thing as the ordinary table 
of expansion coefficients would indicate but is 
complicated by a number of other variables, 
such as the fact that a refractory is an aggre- 
gate of grains which can move relative to each 
other, at least to some extent, and so give rise 
to irreversible and largely unpredictable 
changes during heating and cooling. Then there 
are other types of change which can alter the 
volume of a refractory; there may be the expul- 
sion of some volatile constituent, or the altera- 
tion of the form of some constituent, as when 
quartz transforms to tridymite, or there may be 
inversions within a single constituent, as in the 
Other factors are melt- 
ing, sintering, recrystallization, or reaction (as 


several forms of silica. 


in the case of the decomposition of kaolin 
minerals, Al,O,-2Si0., to give mullite, 3A1L0,- 
2Si0., and corundum, Al.O,). 

But what can be done to offset or minimize 
the effect of such changes? Once the nature 
of the difficulty is diagnosed, a good dose of 
intelligent pyrometry will aid materially. Spe- 
cific examples were given in the application of 
pyrometry to blast furnace stoves, openhearth 
roofs and regenerators. For the details of such 
therapeutic methods and a few hints on what 
to do before the pyrometrist comes, the reader 
is referred to Dr. Sosman’s lecture course on 
pyrometry recently published by the @. 

The next speaker was W. F. Rocnow of the 
Harbison-Walker 
described “Service Applications of Acid Refrac- 


Refractories Co. who 


tories”. He reviewed the general uses and 
behavior of silica and fireclay refractories and 
pointed out that in some applications the chief 
advantage of silica over a basic refractory is 





its lower cost. As the cost of basic refractories 
is reduced they will be used more widely. 

This point was brought out by R. P. Hever 
of General Refractories Co., who spoke of 
“Basic Refractories”, that is, the magnesite and 
chrome-magnesite materials. Though consti- 
tuting but 2% of the refractories used in this 
country, they are now of some strategic impor- 
tance since our present supplies of raw mate- 
rials are practically all imported. There are, 
however, deposits of chrome ore in Cuba and 
of magnesite in the State of Washington which 
should make us substantially self-sufficient. 
Magnesia is now extracted from sea water in 
this country, and is used to a small extent in 
making refractories but only to use up the 
residues from the more profitable chemical 
market for pure oxide. 

Unfired Chrome-Magnesite 

Basic refractories— which ten years ago 
were subject to spalling, showed poor strength 
under load, and tended to expand and disin- 
tegrate due to absorption of iron oxide — have 
been greatly improved, chiefly through the 
introduction of better sizing, of proper mixing 
of chrome ore and magnesite, and through 
high pressure forming to give greater density. 
The introduction of unfired chrome-magnesite 
refractories is another significant advance, 
because the cost of these materials enables them 
to compete with silica brick in certain applica- 
tions. The unfired products also have a 
relatively low thermal conductivity. Basic 
refractories are being used to some extent in 
place of silica brick in copper smelting and 
holding furnaces and are replacing high-alu- 
mina brick in cement kilns. About three- 
fourths of the basic refractories, however, go 
into the construction of openhearths, where they 
are replacing silica brick in the front, back and 
end walls, and in monkey walls. Basic roofs 
of the suspended arch type have been used on 
60-ton furnaces in Europe with considerable 
success, it being reported that as many as 1000 
heats have been made with one roof. 

Such was the trend in the meetings in 1910. 
One wonders under what conditions and cir- 
cumstances such conferences will be held in 
1941. Perhaps someone will be describing the 
first efforts to devise a bomb-proof refractory, 
or perhaps we shall all be too busy to find time 
to attend. Well, worse things than that can 
happen. S 
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ritical points 


© oxvincep that the day of the small steel 
plant has not vanished, after inspecting operations 
at Rotary Electric Steel Co. in Detroit. It is said 
to be Detroit, but you taxi over miles of prairie 
before reaching it; presumably all the optimistic 
real estate men have not yet moved to Califor- 
nia.) Originally built to commercialize a rotary 
process of billet casting of which more later 
and to make steel for Detroit customers by remelt- 
ing the scrap produced in their region, il became 
apparent that the rotary process was more expen- 
sive than the conventional ingot practice, and the 
price-conscious automotive 


Independent industry turned thumbs down 


Steel Plant 
Makes Good 


on any extra. 

Haro_p PHELps, melt shop 
superintendent, explained how 
the original furnace layout, with pits sunk below 
ground level, has been entirely replaced with an 
above-grade design. The electric furnaces are on 
high foundations, flush with an elevated charg 
ing platform, so the casting bay floor is at general 
level. The charging platform has large covered 
hatchways through which come completely built 
furnace roofs. It also shelters supplies of brick and 
ferro-alloys. Charging with a conventional charg 
ing machine through a door is judged to be bette 
than with a drop-bottom bucket through the roof, 
because it can place cold serap against the walls, 
and thus protect them from excessive heat through 
the melt-down. 

There are two furnaces, one dating from the 
original construction in 1933 and another quite 
recent. The first one was rated at 50 gross tons 
and the new furnace regularly melts 30 tons ot 
all-serap charge. Both are of the 3-phase, Heroull 
type, and have interchangeable roofs. They cast 
1'2-ton, big-end-up ingots, with hot tops. 

Planned originally to produce forging ingots 
with a minimum of rolling mill and _ finishing 
operations, a fair proportion of the present output 
is highly finished, such as cold-drawn, heat treated, 


turned (or ground), and magnetic inspected 


By The kditor 


bars. Even a small cold mill depart 
ment is able to compete with the 
strip from the modern continuous 
mills. <All in all, an interesting 
example of a small plant, flexible in 
its operation, serving with small 
selling expense a highly concen 
trated and large market from which 


it draws its principal raw material 


Mer Wiiniam H. Corvin, Jr 
president, who told me the history of 
Rotary Electric Steel. ie J. TOWNSEND 
und H 


who sold their ideas and patents on continuous 


M. NauGir, two engineers 


Sheet mills at a very good price, were looking for 
a new toe-hold in the steel industry, and became 
impressed with the waste in top and bottom crop 
from ingot-cast metal. To them, centrifugal cast 
ing seemed a better way to produce a_ large 
amount of sound metal in the original cast form 
in reasonably small shape Cand thus avoid a costly 
blooming mill). Their idea was to cast a heavy 
tire, say, 8 ft. in outside diameter, and about 6x8 
in. in cross-section, the inner portion being enough 
thicker than the outer so that when the segments 
were straightened, they would be reasonably 
squarish billets 
First experiments demonstrated that) super 
heated steel must be cast so there will be no ove 
laps Where molten metal runs up on already solidi 
fied material. Consequently they moved their 
experimentation to the Timken plant in Canton 
where there was plenty of electric steel available 
Using a portion of a commercial heat and casting 
this in their spinning mold, and rolling the bil 
lets, the resulting bars could be compared with 
identical material cast in vertical ingots and rolled 
in the ordinary way TOWNSEND and NauGLe thus 
demonstrated that their centrifugally cast steel 
was better and more uniform in its physical prop 
erties in all directions (free from transverse weak 
ness): in microstructure it was also free from 
banding 
The Detroit plant, embodying these ideas, was 
built around an electric furnace, and seven cen 
trifugal casting machines, each one to make a 
hoop weighing about 2 tons 


These casting machines were 


Steel Ingots, 


Rotary Cast elephantine Victrolas. A circu- 


lar plate, horizontal, mounted 
on a vertical shaft, was driven through a bevel 
gear box by a motor in a pit alongside. The lowe 
portion of the mold itself was keyed to this rotat 
ing table The mold was very simple, a radial 
section appearing like a . and slit circeumfe 


entially so that the top leg of the would lift \ 
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ring of special firebrick was set into the bottom 
half of the mold, which not only was a “splash 
plate” for the entering steel, but CoLvin said also 
acted as a “hot top”; in other words, prevented 
too rapid cooling of that portion of the metal. 

A gantry crane handled the ladle; a funnel 
directed the stream of steel to the proper place. 
When the mold was full, a small bin at the oppo- 
site circumference discharged enough dry fireclay 
to cover the inside circumference and prevented 
rapid solidification. One difficulty was to get the 
right amount of metal in this mold without under- 
filling or overfilling, a problem solved in a fashion 
by a weighing device on the ladle crane. 

After solidification the top part of the mold 
was lifted off by crane, and the cast ring removed, 
sawed through completely at one point, and then 
sheared into billet lengths. After reheating, the 
first pass was a straightening pass and then roll- 
ing proceeded in a perfectly normal way. 

After months of trial, it became evident that 
the conventional ingot practice, as a whole, was 
cheaper. So now, only one of the casting machines 
remains in place. However, President Corvin still 
likes to think of the day when the peculiar excel- 
lence of the centrifugal product will be worth the 
price to some important application. (P.S. High 
sulphur, fast cutting steels crack up during cool- 
ing, when centrifugally cast.) 


TRAVELING at home, to the greatly enlarged 
shops of Warner and Swasey, working 24 hr. daily 
and striving to produce one turret lathe hourly. 
Turret lathes of 1940 bear little resemblance to 
ancestral lathes of 1900; their ruggedness and 
micrometer precision impress this non-mechani- 
cal observer, as well as their capability of mount- 
ing 10 different tools for 10 different operations 
on a single piece. In this factory, long aisles of 
machine tools of every make emphasize the fact 
that it takes machine tools to make machine tools. 
One wonders where it started, like the old ques- 
tion of hen or egg — or, as Samuel Butler better 
expresses it, “A hen is only an egg’s way of mak- 
ing another egg” .. . . This new shop has coordi- 
nated operations on single types 
of parts to such an extent that 
hob grinders are found among 
the gear hobbing machines. 
Striking is the number, variety and size of the 
gears, racks and screws that go into the main 
drive and the tool manipulating mechanisms. Don 
GuRNEY, metallurgist, says that 90% of the steel 
parts are heat treated, and practically all of these 
in carburizers, salt baths or controlled atmos- 
pheres. Finish dimensions make no allowance 
for scaling. Much machining on gear blanks is 
done by carbide tools; the side of a large flat gear, 
after hardening, retains the fine irregular detail of 


One Lathe 
Each Hour 





tool marks that give it the appearance of a phonv- 
graph record. As Gurney put it, “The heat treat- 
ing is better than the machining.” All rubbing 
surfaces, bores for sliding gears, faces, gear teeth, 
are finished by grinding. ... . Warner and Swasey 
lathe beds are of nickel cast iron. Foundry work 
was described by F. J. Dost in Metav ProGress for 
August 1935; the ways are wear resistant enough 
without surface hardening. One of the small 
machines has flat bars of casehardened steel for 
ways, held down by a fine-threaded screw origi- 
nally having a two-story head. The lower head is 
countersunk to fit the appropriate hole in the steel 
way. The upper head is hexagonal, for gripping 
with a wrench. The neck between is so designed 
and heat treated that it twists off at 60 ft-lb. 
torque. After final grinding, the set-screw heads 
appear as vague ghosts in the smooth ways. Unu- 
sually close control of the bar stock is necessary 
for uniform shearing failure rather than for any 
other physical property. 


TO THE NEW PLANT of Moraine Products Divi- 
sion (General Motors Corp.) in Dayton where 
RoLaND KoOEHRING showed me the production line 
for steel-backed bearings he described in METAL 
Procress in September and the iron gears by F. V. 
LENEL on page 665 of November. Receipts of 
Swedish iron powder having been cut off since 
early 1940, Moraine Products is now able to pro- 
duce enough for current requirements in a pilot 
plant — and it’s good stuff, too. Millions of bronze 
pieces the size of a thimble or smaller are pressed 
of mixed copper, tin, and graphite powder, sin- 
tered in protective atmosphere, re-pressed or sized 

to exact shape and impreg- 
Interesting nated with oil either for 
Parts Made lubricant or for corrosion 
From Powder protection. Large parts like 

the iron gears are made in 
double acting cam presses at the rate of about 
four a minute; small bushings for auto door 
hinges come from “pill machines”, three per sec- 
ond. The pill machine has about a dozen molds 
or dies cut into a circular base plate. Rotating 
with it are a similar number of punches above, 
and ejector pins below, each of which is moved 
up or down the correct distance at the correct 
time as its free end engages a cam guide. ... . 
Interesting examples of parts made either for eco- 
nomical production or for special properties are: 
A tiny lopsided nut with countersunk central hole 
and all corners chamfered; a thimble of porous 
bronze for filtering the oil as it enters a diesel 
cylinder, 100% inspected for ability to pass 1 gal. 
of oil per min. at 25-psi. pressure; wear resistant 
cams pressed from iron-carbon mixtures and con- 
verted to hardened eutectoid martensite particles 
after sintering. Such a cam is a file-hard article 
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but tests only about Rockwell C-20, which is under- 
standable if it is compared to a pile of diamonds 
cemented together and therefore an aggregate not 
very resistant to penetration. 

(Query: Should these articles of a new 
method of manufacture be called “briquettes” or 
“compacts” or what? Briquette to me means “‘lit- 
tle brick”, a ceramic product of non-metallic 
oxides; compact to KOEHRING means something 
the ladies use for their public toilettes.) 


REMEMBERING EDWARD SCHROCK’S interesting 
article last August about “Statistical Analysis of 
Metallurgical Problems”, turned hopefully to the 
proceedings of a recent meeting at University of 
Chicago and a paper on “Statistical Analysis of 
Demand and Cost Functions for Steel” by Jacos 
Mosak, wishing to find some light on a current 
problem of importance, namely, whether or not 
the American steel industry should expand its 
capacity largely and immediately. Therein read 
such obscure passages as: “Findings of the U. S. 
Steel Corp. indicate that with a given set of raw 
material prices and wage rates, the marginal cost 
of production for steel is a constant for the entire 
range of output experienced by the Corporation. 
The marginal costs may even be a decreasing func- 
tion of output for that same range. It follows that 
with given prices and wage rates, the average costs 

of production are always 


A Bonleneck higher than the marginal 
im Steel costs, and it is perfectly clear 
Production? that if prices were always 


equal to marginal costs, as 
they must be under pure competition, it would be 
impossible for the steel industry to cover any of 
its overhead costs so long as the present capacity 
was not severely overtaxed.” ... . Oh well, maybe 
metallurgical phraseology would be equally 
obscure to members of The Econometric Society. 
At any rate the problem of expansion of the steel 
industry is still unsolved. Irvinc S. Oxps, chair- 
man of the board of U. S. Steel Corp., makes this 
year-end statement: “Some commentators outside 
of the steel industry have questioned the adequacy 
of existing steel capacity to take care of demands 
during the present emergency. To date, the 
nation’s defense effort has not been delayed by any 
shortage of steel and no such delays from that 
cause are anticipated by the industry.” Harmonize 
this, if you can, with such quotations as these from 
recent issues of The Iron Age: “The large volume 
of shipbuilding has brought about a serious deliv- 
ery problem in wide plates, which are quoted from 
20 weeks to the third quarter of 1941.” “Chicago 
steel makers’ bookings show a number of items 
virtually sold out for the first quarter.” “American 
steel companies will start 1941 with the heaviest 
backlogs in their history.” Steel bars and billets of 


openhearth carbon steels are quoted currently in 
Cleveland at 10 to 12 weeks delivery, S.A.E. alloy 
steels at 12 to 14 weeks, and electric furnace (air- 
craft quality steels) at even later deliveries. “No 


shortage,” did you say? 


TO A FASCINATING conference on electric light- 
ing at General Electric’s Nela Park in Cleveland, 
that unique center of research, manufacture and 
merchandising. Warp Harrison discoursed about 
the new fluorescent lamps, which probably 
shouldn't interest metallurgists because they elim- 
inate the metallic filament. However a larger con- 
sumption of other metal is substituted, for in 30 
months they have built an entirely new branch of 
the industry, with new buildings and equipment, 
which has done $40,000,000 worth of business, 
mostly in new installations supplementing rather 
than replacing existing lighting fixtures. While 
fluorescents are 2% to 4 times as efficient as the 
filament lamps, the latter have been continually 
improved, so M. L. SLOAN, assistant general man- 
ager, quoted the following achievements since 
1920: The price of lamps has decreased one-third, 
the sales have increased three-fold, the amount of 

light produced is up five times, 
Light,— but the lower cost of power and 
More Light 


lamps has increased the national 
light bill no more than 50%. 

Undoubtedly the public does not sense this con- 
stant improvement in this utility any more than 
it does in the telephone service; if one moves from 
a 1925 office to a 1940 office he is struck with it 
forcibly. MatTTHew LuckKIiesn (pronounced 
Luke-ish), chief of lighting research, said that 
$2,000,000 had been spent at Nela Park in the 
last 30 years on but one line of work, the study 
of “seeing” that is, the physiology of vision, 
the relation of light to sight. 
oculists are interested only in threshold values; 
at Nela Park they have tried to measure visibility 
far beyond the threshold limits and to determine 
The rate of blinking is as 


Physicians and 


maximum visibility. 
good a measure of the ease of seeing as any; the 
eye, in the eons of its evolution, has adapted itself 
to daylight in the open, where light intensity is 
measured in thousands of units. Luckiesun and 
his researchers have concluded that an intensity 
of at least 100 light units is necessary for close 
and continuous work, if eye strain is to be avoided. 
Since most school, industrial and factory lighting 
is measured in units (10 to 15), there is a big job 
ahead for the promotion and sales staffs. 

KENNETH Scott described the development of 
the sealed beam automobile headlamp, now well 
known, and the study of driving in foggy weather. 
The conclusion of the latter work is that the light 
beam should be concentrated on the right curb 
and that practically no light should be thrown out 


January, 1941; Page 49 

















above a low horizontal plane to reflect back from 
fog particles into the driver’s eyes. Amber light 
has no better fog penetration than white light, yet 
amber lamps outsell, five to one, clear lamps that 
are 20° more efficient. 


Discovered at least one auxiliary reason why 
the production of aircraft is lagging in U.S.A., 
when a sheaf of documents strayed to the edi- 
torial desk. The first page was an invitation to 
bid; then followed copies in quadruplicate of 

1 Standard Government Form of Bid, 

1 Continuation Schedule (2 sides, closely 
printed from fine type), 

1 Supplement, and 1 Specification Sheet, 
seventeen pages in all. The specification sheet 
was an original document of about 400 words; it 
took at least an hour of somebody’s time to for- 
mulate and type; it had a list 
of references to a mass of pre- 
work, fortu- 


Uncle Sam 


Would Buy 
One Book 


ceding paper 
nately spared us. .... No, it 
didn’t relate to 10,000 propeller 
forgings; it was not even an order, it was a request 
for a bid on the delivery of one copy of a book 
entitled “Hardenability of Alloy Steels.” The hor- 
rid suspicion flashes to mind that when the Secre- 
tary of the Navy notes that all bidders are quoting 
$3.50 for the item he will refer all documents, by 
then mountainous in bulk, to the Department of 
Justice for the investigation of a combination of 
booksellers who are maintaining prices, making 
identical bids, and probably restraining trade. 


Recerr of notice that Remington Arms in 
Bridgeport, Conn., is abandoning cutlery manu- 
facture to make room for small arm ammunition 
resurrected some months-old notes of a pleasant 
visit to a plant where much interesting tradi- 
tional practice was mixed with modern control 
dictated by metallurgical research. FRANK ARNOLD, 
master cutler, reminisced of boyhood days in Eng- 
land, while expertly dismantling and repairing my 
favorite pocket knife. Attend, all you who sharpen 
knives the carpenter’s way (by drawing the blade 
away from the edge over an oily stone): For final 
sharpening to a keen edge, use a fine carborundum 
stone, incline the blade at about 20° to the dry 
surface and draw three or four firm strokes for- 
ward against the edge, starting contact at the heel 
of the blade and running off at the point. The 
same operations on the other side give a rather 
blunt angle at the very edge (about 35°) and the 
job is done in 10 to 15 see. Bop HentscHer, head 
of metallurgical research for Remington Arms, 
says that the ordinary sharpener does most of his 
work back from the edge, attempting to make a 
slightly less acute angle than left by the grinder; 
nevertheless a magnified cross section of the result 





shows that the actual edge is rather blunt, th 
angle being more like 50 or 60°. It is not s 
“sharp” to the feel as the dry-honed 35° edge, no 
so durable, nor does it test so high. Sharpnes 
tests are made by fixing the blade, edge up, unde 
a weighted pile of standard paper strips in th: 

constant humidity room, and_ the 


Sharp blade drawn slowly back and forth 
Knife Linkage, stylus and motor-drive: 
Blades = drum draw a curve of paper cut 


versus time, sloping down sharply at 
first (representing initial sharpness) but bending 
off toward the horizontal with time (representing 
durability). These tests were correlated wit! 
practice by loaning blades to local restaurants and 
Blades 


‘sharp’, “passable” or “dull” corre 


butchers, and re-testing them after use. 
reported ‘* 
sponded to test curves successively lower and 
flatter. 
carbon, high chromium stainless blade, hardened 


.. HENTSCHEL is confident that a high 


from a high temperature, takes a sharper and 
more durable edge than high carbon cutlery stee! 
(the best of which now-a-days contains about 1° 
chromium). Unfortunately such A-1_ stainless 
blades are harder to sharpen, and most users and 


even “professional” grinders don’t know how. 


ENTERTAINED very hospitably by ALvin WiL- 
LIAMS and Frep Carrer at the ultra modern New- 
ark offices of Baker and Co., pioneer American 
manufacturer of platinum ware. Interested in 
various items of platinum-lined equipment for 
processing highly corrosive liquids, or liquids 
whose metallic impurities must be limited to a few 
atoms per gallon. First cost of the lining is high, 
but scrap value is also very high. Sheets at least 
0.003 in. thick are necessary for absolute safety; 
pure platinum linings are solderless, since plati- 
num readily forge-welds to itself at moderate tem- 
perature. Where more thickness is necessary fo! 

stability or for resistance to col- 


Platinum lapse or blistering under a 
Clad Pipe vacuum the linings are a com- 
& Vessels posite platinum-base metal sheet 


Gold is used as solder, its corro- 
sion resistance being about equal to that of plati- 
num and its melting point low Platinum 
linings for pots, autoclaves and containers § aré 
merely closely fitting skins, sometimes soldered t 
the base metal. Small tubing starts with a disk o! 
platinum-nickel or platinum clad steel; this is 
cupped by forcing through successively smaller die: 
down to about 1% in. diameter; smaller sizes dow! 
to capillaries can be cold drawn from these dee} 
cups. For larger sizes, a base metal pipe has ; 
platinum lining slipped in and then expanded t 
a tight grip. Ordinarily the lining is made longe! 
and is spun out at the flange, and the metal is sot 
enough to act as its own gasket. 
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with panel 


are placed as follows: Two are 
6 in. from the door on each 
side of furnace and 12 in. from 


the walls: one is in the centet 


6 nall furnace of the furnace 2 in. from the 


control thermocouple; two are 
in the back, 14 in. from. the 
back wall and an equal dis 
tance from the side wall. All 
these five come through small 


openings in the roof and extend 


burners to the hearth, thus measuring 


INCE THE DAYS of the old coal-fired pit 
furnaces, great progress has been made in the 
building and the heating of annealing and heat 
treating furnaces. Solid fuel has all but dis- 
appeared. Oil has been largely displaced by 
electricity or gas. In northern Ohio, since we 
have had adequate supplies of natural gas for 
several decades, this fuel is widely used. and 
the excuse for another article about a gas-fired 
furnace jis the somewhat unique type of burnet 
used. In the foundry where the writer is metal- 
lurgist, one of the heat treating furnaces is a 
small one using “radiant combustion” burners 
and it has given excellent results for the past 
two years. 

This furnace has a 36% 18-in. hearth, and 
30 in. clearance from hearth to roof. It is lined 
The brick floor 


slab is L3he in. thick, and on this are placed 1-in 


with 9-in. insulating firebrick. 


cubical blocks on 12-in. centers to support a 
vented alloy hearth plate. Furnace bindings 
are ls-in. steel plate at bottom, “, in. at front 
and rear and !, in. at sides, and 3-in. channels 
in pairs as buckstays. 

A somewhat unusual number of thermo 
couples are available. There are seven thermo 
couples in the furnace, one for the automatic 
control and six for the recording instrument 

The control thermocouple comes through 
the roof in the center of the furnace, is adjust- 
able in position, and generally extends down to 


near the hearth. The recording thermocouples 


temperatures at the base of the 

charge The sixth thermo 

couple comes through the back 

wall 6 in. below the perforated 

hearth and is used to take tem 

peratures of circulating gases at the top of the 
floor brick. 

With this number of thermocouples in a 

temperatures can be had in 

Within 60 min. after start 


ing with an average charge (2000 Ib.) for 


small furnace, 


almost any spot, 


annealing, the control thermocouple will reach 
1600° F. and at this time the maximum differ 
ence in the readings of the six thermocouple 
positions is 50° F. After say 1 hr. at heat the 
recorded temperature is uniform to within 5° F 
Phere are seven radiant combustion burners 
in the furnace, 918 in. in area, three in 
each side wall, as shown in the furnace draw 
ing, and one in the rear wall, placed with long 
dimension horizontal. Ihe smaller sketch 
shows the burner construction; the steel casting 
has a series of grooves in its surface leading 
from the gas inlet to distribute the gas-air mix 
ture across the back of the porous brick dia- 
phragm, which gives an even distribution of 
pressure at the face of the burne: 
Pre-mixed gas and air is delivered to the 
burners through a 4-in. main with outlets of 
in. to each burner. This mixture is produced 
by a fan type of blower with packing glands 
on the motor side to make it gas tight. Phe 
pre-mixing assembly with proportioning valve 
and explosion relief is on the inlet side of the 
blows Se 
The natural gas from supply mains passes 


first through a pressure regulator set to 2% 
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oz., and then a “zero pressure governor” before it 
enters the proportioning valve. Here the correct 
amount of outside air is supplied from a 4-in. pipe, 
and enters the blower where the two are mixed and 
delivered to the burners at a pressure of 10% oz. when 


the automatic control is wide open. The control has a 
cut-down ratio of about ten to one; a low pressure of 





There is a turn-down valve at each 
burner. Thus if one side or corner of 
the furnace is hotter than another, the 
amount of fuel to a certain burner can 
be reduced. If the furnace is to be 
operated as a tempering furnace as low 
as 900° F., only one burner is needed, 











about 1% oz. is possible. 
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on the incoming gas line, so no gas can enter 
the blower in case of power failure. On the 
furnace side of the blower there is a flame 
arrester in the pipe line so there can be no 
flash-back to the blower. 

At maximum capacity this supply system 
will deliver 35 cu.ft. of mixture per min. to 
each burner. The writer is not sure just how 
much is delivered to each burner in this fur- 
nace, but it is certainly not nearly that much. 


At first this furnace was 
operated at 14 oz. pres- 
sure but heated a little 


Furnace faster than was thought 
+ Wall a 
desirable. 
There is an electric 
automatic cut-off valve 
Burner Shell 
- Steel Casting 
- Gas Iniet 





and after it is up to temperature, even 
this is cut down to about two-thirds of 
capacity. With full gas-air pressure, the 
length of the flame playing over the 
entire face of the 9 18-in. burner is 
about 14%, in. Any or all burners can be 
cut down until the flame is barely visible. 


Sectional Elevation of Small Batch-Type Furnace for Heat Treating Alloy Steel 
Castings. Gas-air mixture is distributed across the back of a porous refractory 
and the entire rectangular face glows with short flame 
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In the life of this furnace many adjust- 
ments to the proportioning valve have been 
made and samples taken of the resulting gas 
atmospheres. The table on the opposite page 
will give an idea of the different atmospheres 
that can be obtained. 


If the atmosphere is highly reducing, it is 
possible to carburize a thin case on the steel 
but it will not be thick enough for practical! 
applications as a hard or wear resistant surface. 
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The scale will also be very thin under the reduc- 
ing atmosphere noted in the table. 

If the control is set so an oxidizing atmos- 
phere is produced, the scale will naturally be 
thicker and there will be some decarburization. 

With the atmosphere in the furnace slightly 
reducing, there is very little decarburization. It 
is just visible under a microscope at 100 mag- 
nifications. The following flue gas sample was 
taken during an annealing heat at 1600° F., and 
represents very satisfactory conditions as far 
as surface of the treated castings is concerned: 
10.6% CQO., zero oxygen, 0.6% CO. 

This furnace is very economical to operate, 
using about half the amount of gas of other 
furnaces that are now operating in our own and 
neighboring steel foundries on similar work. 
The burners produce a clean, even heat. The 
manufacturer says they generate infra-red rays 
of radiant heat which is a highly eflicient and 
effective way of extracting the maximum heat 
available from a fuel and transferring it to the 





GAS ANALYSIS 
NATURE OF ATMOSPHERI ‘ 
CO ) CO 
Reducing 9.8% 0.0% |) 1.6% 
Neutral 11.6 0.0 0.0 
Oxidizing 8.8 1.6 0.0 
Excess oxidizing 8.6 5.0 0.0 











object to be heated. However that may be, this 
furnace has been very successfully used for the 
heat treatment of numerous grades of alloy steel 
in charges from a few pounds up to a ton and 
a half. 

The furnace at room temperature, with no 
charge in it, can be brought up to 1600° F. on 
the control thermocouple in 20 min., with all 
seven burners operating at full pressure. This 
is a measure of the quality of the furnace’s 
insulation. 

The highest operating temperature has been 
1850° F. 


and the lowest 600. The longest heat 


was an experimental one. The charge was 
heated to 1650° F., held at temperature for 3 hr., 
and then cooled at the average rate of 70° F. 
per hr. down to 600° F., requiring a 15-hr. cool- 
ing cycle. The cooling rate through the critical 
range was 15 to 20° F. per hr. 

The heat treating furnace used in the 
foundry has proved to be so economical and 
easy to operate that we intend to use similar 
burners, but of a different shape and size, for 
ladle dryers and heaters. S 


%3.7-In. Shell Forging 


AS unusually detailed and well illustrated 

article on the above subject was published 
anonymously in American Machinist for Dec. 
25, 1940, describing operations in a Canadian 
plant which started making high explosive shell 
for the British Government in 1936. The proc- 
ess, known as “Stewart-Lloyd”, partially pierces 
a square billet simultaneously expanding it to 
a round, and later reduces the thickness of the 
side walls by pushing the bottle through a series 
of reducing rolls. The process maintains a 
heavy base (2 in. thick), enough to give stock 
for machining a recess for the baseplate cover. 
No machining is done on the inner cavity; after 
the outer contour is rough machined the nose is 
heated to 1830° F. 
furnace and partially closed by forcing it into 


in a porthole type of gas 


a tapered die; the end opening (later to be 
threaded for the fuse) is maintained by a suit- 
able plug centered in the die. 

Stock is 384 in. square, with corners cleanly 
beveled so the diagonal closely fits the diam- 
eter of pot on the piercing press. Steel conforms 
to British War Department specifications for 
fragmentation, and analyzes about 0.52% car- 
bon and 080% Blanks are cut 


cleanly and squarely to 9%4-in. length with an 


Manganese, 


oxy-acetylene straight line cutting machine, a 
single traverse cutting a series of 16 bars placed 
side by side on a roller table. A hand torch 
heats each corner just ahead of the cutting 
flame to prevent interruption of the action when 
passing from bar to bar. 

Two such machines provide 100 39-lb. bil 
lets per hour to feed a large rotary hearth fur- 
nace. Billets, stood on end, are heated to 2080) 
., and are scraped free of scale during a 
momentary pause as they are swung from fur- 
nace to piercing press. This is a 350-ton press 
operated by water at 1700-psi. line pressure. The 
upper die is a water cooled steel casing into 
which is fitted the die pot, round in cross sec- 
tion, and a stripper bar. 

The bottom die consists of a hydraulic 
cylinder with the piston supporting four pres- 
sure pins. A circular pressure pad is mounted 
on top of the pins and carries a four-pronged 
locating pad. The pad is a sliding fit in the 


die pot, and also serves to (Cont, on page 116) 
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orging the 


stainless steels can 


As COMPREHENSIVE STUDY of forging 
should stress the technique of the forging opera- 
tion and the equipment, as well as the finishing 
operations and inspection. Obviously such a 
discussion of the forging of stainless steel would 
transgress the limits of a single article. Never- 
theless it is desirable to approach the subject 
with some remarks about the composition and 
properties of the steels to be forged. 

These will be classified into groups of sim- 
ilar characteristics and these characteristics 
discussed briefly. With this knowledge, we will 
have some idea about handling these grades in 
the hot working operations and how to heat 
treat them to get the best properties from the 
standpoint of wear and corrosion resistance. 

Stainless steels are now well known and 
their use increases constantly. Many forgings 
are made and undoubtedly the number of 
applications for which forgings are suitable will 
be greater with time. I can remember the lec- 
tures of Professor A. E. Wurre about “Special 
Alloys” at the University of Michigan 20 vears 
ago. At that time, we thought stainless steels 
were rather novel, that they were extremely spe- 
cial and there would probably be just a limited 
demand. Little did I realize that in the coming 
vears, my association with Central Alloy Stee! 
Co., and later with Republic Steel Corp., would 
bring me in very close contact with these “spe- 
cialties”. I have seen them grow from a very 
limited application to a place where they are 





By Ernest R. Johnson 
Asst. Chief Metallurgical Engr 
Canton-Massillon District 
Republic Steel Corp 


produced on a tonnage basis. 
In our district alone, at least 
one large electric furnace 
makes stainless exclusively, 
producing at least 2,000 tons of 
ingots a month, of which half 
goes into cold-rolled strip. We 
say definitely, therefore, 
that stainless steels have an 

increasing market and we 

know that the applications will 

be more varied as time goes on. 

We will limit our consid- 

erations to the usual stainless 

steels and exclude the chro- 

mium steels which have less 

than 10° chromium, The first 

table lists these analyses according to their pres- 
ent numerical designation as used by the 
American steel industry. For simplicity, we are 
not listing every modification, since many type 
numbers have similar properties. As shown, 
these grades can be put into four groups, based 


on inherent type characteristics. 
Group No. 1; Martensitic 


You will notice that the alloys in Group 1 
contain chromium as the main alloying element. 
Usually we consider that chromium above 10‘ 
is necessary to get satisfactory stainless or cor- 
rosion resisting qualities. At this content and 
up to 14.0%, with carbon as low as 0.15°° or 
less, the alloys are definitely air hardening. 
The critical transformation temperatures are 
raised, but the rates of transformation on cooling 
are much slower, so that even with air cooling, 
hardness values are close to those obtained 
upon oil quenching. A steel with 0.12 carbon 
and 12‘. chromium in a 1-in. round will harden 
to Rockwell C-35 when normalized from 1750° 
F. Slightly higher hardness is obtained by oil 
quenching. This grade, therefore, is suitable 
for many applications requiring a_ definite 
increase in hardness, which can be attained by 
proper heat treating. Common forgings of this 
grade are valve seats and certain cutlery items. 

The addition of carbon and especially a 
minor percentage of nickel to this grade makes 
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it possible to get higher hardness values by heat 
treating. In fact, the latter alloy combination, 
Type No. 414, is rarely used annealed because 
of the difficulty of softening it. 

Increasing the carbon makes a more hard- 
enable alloy. Grade No, 420 with 0.30 to O40 
carbon has been used for many years by the 
cutlery trades. 
has been the knife blade. 

Supplementing this group is the machin- 
able type, which may contain 0.15 to 0.30% 
sulphur or selenium, This grade may be heat 
treated, but the hardness attained is generally 
lower than in Grade No, 410. Possibly the best 


known forging ts the golf club head. 
Group No. 2; Ferritic 


When the chromium content is raised 


above 14‘¢, the characteristics of the low carbon 


alloys are changed. There is only a slight 


response to the usual transformation changes 


which result in grain refinement and harden- 


ing; the allov remains soft and “ferritic’” — thal 
is, of the structure of pure wrought iron. How- 
ever the corrosion resistance to nearly all 


reagents and environments goes up with the 
chromium content — a typical piece of Type No. 
80) containing 0.10% 17‘. 


mium has a better corrosion resistance than any 


carbon and chro- 
of the martensitic alloys in Group No. 1. 
The lower carbon alloys cannot be heat 


treated to any useful degree; therefore, they are 


Groups and Analyses 


One of the commonest forgings 


always used in the annealed state. Such alloys 
are usually “notch brittle” in any appreciable 
section (that is, have a fairly low Izod or Charpy 
impact test) and care must be used in their 
application as forgings. One satisfactory use has 
been the spoon for filling ice cream cones; this 
is generally an annealed and polished forging. 
They are made by the thousand. 

The higher carbon analyses of this grade, 
containing 0.65°° and 1.00 carbon, are forged 
respectively into the best grade of cutlery and 
into bearing races and special balls for oil pump 
valve seats. Such alloys respond readily to heat 
treating and are capable of developing hardness 
Type No. 
HO with 0.65°° carbon is the modern improve- 
of 


steel; the first stainless cutlery steel had approx- 


values around Rockwell C-58 to 63. 


ment BREARLEY’s original stainless cutlery 


imately 0.35°° carbon and 13.5°° chromium, 

To the writer's knowledge the high chro- 
mium types with 23 to 30° chromium are not 
forged into any particular article. This steel is 


primarily for heat resisting purposes and is 


used almost solely in such applications. How- 
ever, it can be forged, and is rolled into plates, 


bars, and a few shapes 
Group No. 3; Austenitic 
Alloys of this group are totally different in 


ofl 


about 


those 
of 


makes it 


characteristics and behavior from 


Groups No. 1 and 2. The addition 


8‘) nickel to an 18%) chromium alloy 


of Typical Stainless Steels 








CHEMICAL SPECIFICATION 


Typ 
No. DESCRIPTION OF GRADI 

CARBON MANGANESE SILICON CHrhrnomium NICKEI OTHERS 

Group No, 1—MARTENSITIC ALLOYS 
110) Low chromium, low carbon O.lomax., 0.50 max. 0.50 max lOto ld 
1220) ~ Low chromium, medium carbon 0.15 min. 0.50 max. 0.50 max l0tol4 
114. Low chromium, low carbon, plus nickel 0.15 max. | 0.50 max. 0.50 max L0to14 2.00 max 
116 Low chromium, low carbon; free machining 0.15 max. 0.50 max. 0.50 max 10tol4 Sor Se 
Group No, 2——Fernitic ALLoys 
130) Medium chromium, low carbon 0.12 max.) 0.50 max. 0.50 max l4to18 
140 Medium chromium, medium carbon O12 min. O.5O0max. 0.50 max. 14to 18 
1446 High chromium, low carbon 0.35 max. 0.50 max. 0.50 max 23 to 30 
Groupe No, 3—AUSTENITIC ALLOYS 
$01 17-7 Chromium-nickel 0.09 to 0.20) 1.25 max. |0.75 max lito 18 7to9 
302 18-8 Chromium-nickel 0.08 to 0.20, 1.25 max. 0.75 max IS to 20 Sto 10 
304 18-8-S Chromium-nickel, low carbon 0.08 max. 2.00 max. 0.75 max. 18 to 20 Sto 10 
316 18-8-S-Mo Chromium-nickel, plus molybdenum 06.10 max. 2.00 max. 0.75 max lGto18 14% max 2t0 4% Mo 
$21) 18-8-S-Ti Chromium-nickel, plus titanium 0.10 max. 2.00 max. 0.75 max 17 to 20 7 to 10 Ti ‘xc 
$47 18-8-S-Cb Chromium-nickel, plus columbium 0.10 max. 2.00 max. 0.75 max 17 to 20 Sto1l2 Cb 10 
$03  18-8-FM Chromium-nickel, free machining 0.20 max. 2.00 max. 0.75 max 1S to 20 Sto 10 S or Se 
Group No, 4—H1GH AUSTENITIC ALLOYS 

309° HCN; High chromium-nickel 0.20 max. 2.00 max. 0.75 max. 22 to 26 I2to14 
$10) NC-3; High chromium, higher nickel 0.25 max. 2.00 max. 0.75 max. 24 to 26 19 to 21 
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Short Time Tensile Tests at High Temperature on Type 
410 Steel; 0.10% Carbon, 12% Chromium, Show 
a Sharp Change of Properties at the Critical Point 


austenitic, meaning that there is no critical 
transformation temperature range. The atomic 
arrangement in the metallic crystals is funda- 
mentally different from that in the ferritic 
alloys, being the unstable arrangement char- 
acteristic of common steels when they are at a 
temperature above the transformation. Conse- 
quently these austenitic alloys have a tendency 
to change into the more stable state, and this 
tendency to change takes the form of a precipi- 
tation of certain compounds (usually carbides) 
from the austenitic solid solution — when com- 
position, temperature and time are favorable. 

The austenitic condition, being that of hot 
steel, is one very susceptible to working. 
Annealed alloys of Group No. 3 are therefore 
very ductile and easily worked, even when cold. 
They strengthen readily by cold work; cold- 
rolled strip of 18-8 can easily have a strength 
equal to the hardened alloys of Group No. 1. 
Any forgings made from these alloys are gen- 
erally annealed. 

The lower carbon (under 0.08°°) is speci- 
fied when there is a possibility of incipient 
transformation and carbide separation, which 
would deteriorate their corrosion resistance. 
Low carbon would be specified if any of the 
parts might be subjected to welding and then 
have to resist strong corrosive media with no 
chance of annealing. 

Elements like titanium, columbium and 
molybdenum are added for specific purposes. 
Titanium and columbium form carbides that 
are insoluble in austenite, thus robbing it of 
carbon and correcting any susceptibility to car- 


bide separation, and permitting the metal to be 
welded in heavier sections without subsequent 
annealing. Molybdenum improves corrosion 
resistance; at the present time this is the best 
one available. Few forgings, however, are 
made from these latter grades. 

There is a machinable grade of 18-8 termed 
18-8-FM (Type 303) containing either sulphur 
or selenium and phosphorus. The presence of 
these elements makes it possible to machine the 
alloy at a reasonable rate. Some few forgings 
are made from it to take advantage of its inher- 
ent corrosion resistance and machinability. 

Increased chromium and nickel contents of 
Group No. 4 improve heat resisting properties 
and such alloys are used solely for high tem- 
perature work. Forging could be done, but the 
general stiffness of these high alloys makes it 
inadvisable to do so. For this reason (and, in 
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Type 430 Steel (Chromium 14 to 18%) Has no Sud- 
den Change in Ductility and Is Quite Forgeable 


addition, to gain better creep resistance at high 
temperatures) castings are generally employed 
for such shapes as might be forged. Forged (or 
extruded) valves for aircraft engines, as well as 
valve seats for heavy duty gas engines, are made 
of high chromium-nickel austenitic alloys, gen- 
erally with an addition of tungsten, molybde- 


num or silicon. 


High Temperature Characteristics 


A knowledge of the hot working properties 
of the various alloys can be obtained by study- 
ing their high temperature strength and ductil- 
itv. We usually employ tensile test pieces, heal 
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them to specified temperatures and then pull 
them apart, measuring tensile strength, elonga- 
tion and reduction of area. The values of these 
“short time tensile tests” are best shown by the 
curves presented on these pages. 

You will note in the first figure that the 
tensile strength of the 0.10% 12% 
chromium alloy decreases until 1600° F. is 


carbon, 


reached and then remains about the same as 
the metal changes from the ferritic to the aus- 
Ductility values are also at 
With even higher tempera- 


tenitic condition. 
a minimum here. 
tures the tensile strength decreases and ductility 
increases. This chromium steel is workable at 
2100 to 2150° F. 

Sometimes, if the the 
side and the chromium a little high, the alloy 


carbon is on low 


will tend to reverse the transformation at 
very high temperatures, forming some delta 


iron, Which has the same atomic arrangement 
as the alpha iron or ferrite stable at room tem- 
perature, but which is much harder than the 
austenitic gamma iron at forging temperatures. 
Consequently, if delta iron is formed, it may 
give trouble in the hot working operation. In 
addition, it be necessary at times to 
increase the time of preheat in the neighbor- 
hood of 1700° F. 
structure. 


may 


in order to help form a uniform, 
austenitic At higher temperatures 
grains may grow too large and cause trouble 
by surface checking. The higher carbon grade 
should be handled at a lower temperature, say 
2000 to 2050° F. 

the presence of sulphur in the 12°% chro- 


mium free machining type raises the working 


With 3% Molybdenum, Tested at Higher Temperatures 
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Low Carbon 18-8 Has a Sharp Reduction in Proper 


fies at About 1200° F. if Tesfed as Rolled or Annealed 


temperature; this must be done to avoid split- 
ting, for high sulphur very definitely decreases 
transverse ductility. Therefore, any upsetting 
operations must be limited. It is also suggested 
that the sulphur content be decreased to 0.15% 
if upsetting operations are necessary 

The first alloy of Group No. 2 has the high 
temperature the 
You will notice that the tensile strength 


properties shown in second 


chart. 
decreases with increasing temperature and that 
ductility increases to a maximum with no sud 
therefore, readily 


den changes. This alloy is, 


forgeable. Temperatures may be 2050° F., and 
care is only necessary to avoid grain growth 
When this occurs, the surfaces wrinkle badly 
and it becomes very easy to produce surface 
rhe 


sensitive and should be handled around 2000° F 
\lloys of Group No. 3 have different high 


defects. higher carbon alloys are more 


temperature properties. There is a_ definite 


with 
“shelf” on the 


decrease in tensile strength temperature, 


although there seems to be a 
property-vs.-temperature curves between 400 
1000" F, the 


temperature 


\ pronounced lowering of 
the latter 
and up to 2300 the ductility 
This that the 


ductility range must always be avoided in any 


and 
ductility is evident at 
Above 2000° F 


becomes low 


excellent. means 


hot working operation. Parts can be readily 
the 
perature reaches 2200 to 
2950° F. 

Che 


statements 


forged when tem- 


same general 


are true ofl 


Wing Guided Valve, Forged 
With no Draft in Types 304 
and 410 by Steel Improvement 


A Forage Co. of Cleveland 
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the associated types, except that forging temper- 
atures are lower for the 18-8-S-Mo and 18-8- 
S-Cb. The first alloy is much stiffer and will, 
therefore, require more care in forging and fre- 
quent reheating to get the proper flow of metal. 

This statement is also true of the alloys in 
Group No. 4. They are generally harder and 
will not flow as readily under hammer blows. 


Mill Practice 


Knowledge of these high temperature prop- 
erties has helped us a lot in steel mill opera- 
tions. We can judge which alloys to roli and 
those whose ingots should be “broken down” by 
forging. We are able to roll ingots of the alloys 
in Groups No. 1 and 2, but the higher carbon 
alloys of Group No. 2 are generally forged. 

Alloys of Group No. 3, excepting 18-8-S-Mo, 
are rolled from the ingot. The stiffness and 
lower du ‘ility of 18-8-S-Mo means that prelimi- 
nary forging is more feasible. Forging opera- 
tions are more flexible, for the reductions and 
reheatings can be carefully controlled. 

Alloys of Group No. 4 are always forged to 
billets or slabs from the ingot. 

Tender ingots are due to the characteristic 
macrostructures. Long chill crystals extend 
inward from the surface of the ingot. Their 
boundaries represent planes of weakness; their 
natural stiffness and lack of ductility will cause 
the ingots to crack if the heating and reductions 
are not right. The original ingot structure can 
be eliminated by correct hot working, and a 
uniformly fine-grained metal produced in billet 
or slab. High alloys in Group No. 2 must be 
watched, for any grain growth that occurs after 
the last working cannot be corrected by heat 
treatment. If ferrochromium, high in nitrogen, 
is charged into the furnace, the nitrogen will 
very definitely refine the grain of these ferritic 
alloys. The nitrogen content will depend upon 
the chromium content. Higher percentage of 
chromium permits higher nitrogen values. We 
believe the nitrogen content should not be 
greater than 0.15‘. 

All of these alloys, with the exception of the 
austenitic grades, must be carefully handled to 
prevent cracking in the cooling after rolling or 
forging. Austenitic alloys are conveniently air 
cooled, since no critical transformations occur. 

Billets are always surface ground, removy- 
ing the complete surface, to free them of all 
defects. Any of these grades can then be rolled 
on bar mills. Some hand mills are much better 


than guide mills for handling the stainless 
grades, because galling and scoring on guides 
is eliminated, although more passes are gen 
erally necessary to get the proper bar size. Heat 
ing temperatures are about the same as thoss 
mentioned above as suitable for forging. 
Since our plant uses guide mills, it usually 
becomes necessary to grind or turn many bars 
for forging, so that we are sure of removing all! 
surface defects. The amount of surface that is 
removed will be at least ;\y in. from the diam 
eter of small bars to 1, in. and perhaps 14 in 
from the diameter of larger bars up to 6-in. 
round. Square billets or bars may be hand 
ground completely. Since some of the alloys of 
Groups No. 1 and 2 are air hardening, the bars 
are always mill annealed. Many of the items 
can be cold sheared in sizes to 2-in. round. 
Multiples for forging are often cold sawed. 





Steps in Forging a Table Knife Include Draw- 
ing Out One End for the Tang, Drop Forging 
Tang and Bolster, Rolling Blade and Trimming 


Forging Operations 


Forging bars or billets of any of the stain- 
less grades are conveniently cut into multiples 
by cold shearing or sawing when this is neces- 
sary to make individual forgings. Sometimes 
several forgings may be made continuously 
from long bars. 

All grades of stainless should be carefully 
heated. Those of Groups No. 1 and 2 require 
considerable care to prevent grain growth 
while those of Group No. 3 may generally be 
heated to a higher temperature. The alloys ot 


Vetal Progress; Page 58 





fie gle 


| 





Group No. 4 will be heated to lower tempera- 
tures, say 2150° F. 

Generally, a steam hammer is used for drop 
forgings. It will frequently be necessary to 
forge part way, reheat, reforge, trim or punch 
out centers, reheat and finish forge, and again 
trim. Valve seats require extreme care to get 
proper metal flow so that surface checks are 
avoided and cold shuts are not present. This 
means proper die design to get the correct 
roughing impressions so the forging will have 
a chance to fill the finished impression. 

Sometimes forgings are made with the open 
frame hammer using sections of billets. Such 
hand forgings are easily made if the precau- 
tions regarding heating and forging tempera- 
ture as mentioned previously are carefully 
observed. 

As shown in the engraving on page 958, 
cutlery of the more expensive type is handled 
by forging the small end for the handle and the 
bolster under a hammer, which also flattens a 
short length of the blade. Then the other end 
is heated and rolled between forging rolls to 
flatten and taper the slightly wedge-shaped 
blade section. Trimming is done hot. Harden- 
ing, tempering, grinding, polishing, setting, and 


final sharpening are each an operation for 


highly skilled workmen. To cheapen the manu- 
facture somewhat, a piece of carbon steel and 
stainless steel may be butt welded together, 
then the handle, bolster, and part of the stain 
less is forged under a hammer, then the othe 
end is heated and the stainless is rolled between 
rolls to a thin section for the knife blade. Trim 
ming is done hot and then the blade is heat 
treated. 

Very good knives may be blanked from 
double-bevel flats, made in a rolling mill. This 
speaks well for the grain structure and other 
properties of the metal made in mass produc 
tion. Of course such knives have no upset at 
the bolster: two pieces of wood o1 composition, 
riveted to the sides of the tang, form the han 
dle. A good stainless knife requires high chro 
mium to be stainless and high carbon to be 


hardenable. 


Heat Treatment 


; 


Slow cooling is necessary after forging 
Groups No. 1 and 2, if the allovs are of the ait 
hardening variety and the sections of substan 
tial size. This will prevent cracking 


Forgings of Group No. 1 are either heat 


Continued on page 118 


Forging Knife Blades at Remington Arms, Bridgeport, Conn, 
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uropean practice 
im aluminum 


piston alloys 


HAT IS THE BEST alloy for an auto- 
mobile piston? Engineers in England, France, 
Germany and Italy have all worked on this 
problem without obtaining conclusive results as 
yet, but the research has not been unproductive. 
It is an interesting generalization that while 
American engineers have been seeking the best 
alloy piston, European technicians have been 
developing the best piston alloy. As will be 
pointed out later, American metallurgists have 
made wide use of two or three alloys of their 
own development; nevertheless improvements 
originating in the United States have empha- 
sized mechanical design involving slots, Invar 
struts, and grooves, whereas in Europe more 
attention has been paid to the appropriate metal 
or alloy. Not only have our metallurgists 
sought for low expansion, high conductivity, 
and hardness, but they have given further atten- 
tion to friction and wear resistance, also the 
question of permanence in connection with heat 
treated properties. Piston alloys as _ studied 
here fall broadly into three groups: (a) 
Aluminum-copper (10% copper or over), (b) 
aluminum-silicon (12% silicon or over), (c) 
aluminum-copper-nickel (with 5% or less cop- 
per). All these alloys incorporate small addi- 
tions such as magnesium to promote heat 
treatment, or manganese to improve structure. 

Copper Alloys — CLerGeT in Paris appears 


By Ernest V. Pannell 
Manager for Western England 
British Aluminium Co., Lid 


Bristol, England 


to have produced the first san¢ 
cast alloy pistons in the year 
1900 using a mixture of alumi 
num, copper and nickel. Some- 
what later such pistons were 
put into commercial produc 
tion and filted to engines by 
CHENARD-WALCKER but, it is 
said, without advertising the 
fact. The well known French 
metallurgist, R. pe Fleury, 
devoted some study to light 
alloy pistons in 1913 and stated 
that the best alloy would have 
the maximum value of the 
expression C--eD where C is 
the thermal conductivity 
(which he thought would 
depend on the amount of silver 
in the allov), e is the expansion coefficient and 
D the density. With modern piston alloys the 
above will have a value of from 3000 to 6000. 
bE FLeury was the first to recognize the good 
heat properties of the aluminum piston; previ- 
ously its merit was supposed to be light weight 
and low inertia. Little account however was 
taken of hardness or wear resistance. 

During the period 1914 to 1918 the British 
National Physical Laboratory gave a good deal 
of study to piston alloys especially for aircraft 
engines. High service temperatures and loads 
appeared to cause burning, growth and distor- 
tion. The latter were corrected by a normaliz- 
ing treatment at 750° F. for three to four hours 
before finish grinding. In this way change of 
dimensions with heat was anticipated and elimi- 
nated. “Burning” was indicated by cavities in 
the piston crown after a period of operation and 
appeared to be due to locai hot spots which 
melted out the copper-aluminum compound 
(CuAl.) and permitted the alloy structure 
around it to collapse. Inasmuch as this com- 
pound melts at about 1000° F., it is obvious that 
the design of the pistons in question did not 
allow rapid transfer of heat from the crown to 
the ring belt and cylinder wall. The remedy lay 
in heavier sections and an alloy of better con- 
ductivity. It is also suggested that the CuAl, 
compound was in conglomerate lumps which 
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would have been better distributed by more 
thorough chilling when cast. 

As regards composition the British authori- 
ties, while maintaining the use of copper, 
gradually incr sased the percentage from 7 to 
12 and later to 14, adding 1% of manganese. 
Hot tensile tests showed the value of this last 
composition as its strength increased at mod- 
erate temperature. This alloy was known as 
“14:1” and was later commercialized under the 
name of “aerolite”. While it appeared that the 
thermal conductivity was some 20% below nor- 
mal, the late Dr. RoseNHaArIN proved that not 
only this property, but also brittleness could be 
ameliorated by normalizing at 750° F. Further 
tests were made using nickel as an addition to 
Since 500° F. 
has been shown to be a normal working tem- 


copper, also with good results. 


perature for the piston crown in aircraft engines 
the following figures for short-time tensile 


strength at 500° F. are of interest: 


Aluminum + 12% copper 15,500 psi. 
Aluminum + 12% copper + 2% nickel 19,000 
Aluminum + 14% copper + 1% manganese 22,000 


In the first two instances there is a reduction in 
tensile at normal temperature of 20 to 25%. 
In the aluminum-copper-manganese alloy there 
is an increase in this figure of nearly 12%.* 
Other constituents were also tried, including 
chromium, cobalt and vanadium, but none of 
these appeared to maintain strength of the alloy 
at high temperatures. One per cent of iron, 
however, when carefully introduced, maintained 
the hot strength at 95% of normal. 

Subsequent experiments diverged toward 
heat treated alloys containing magnesium, 
either following the lead of Wi in his wrought 
duralumin (circa 1910) or the development of 
the American permanent mold casting alloy No. 
122 (aluminum-copper-iron-magnesium) by T. 
D. Stay in 1917, 
susceptible of heat treatment to dissolve as 


All these copper alloys are 


*Epiror’s Nore: Short-time tensile tests on 
some 30 alloys, cast, wrought and heat treated, are 
given in Appendix C and D of “The Aluminum 
Industry”, and in no case is the strength at 500° F. 
as high as the strength at room temperature. These 
tables show the 12% copper alloy, as cast, as hav- 
ing a tensile strength of 24,500 psi. at 75° F., and 
18,900 psi. at 500° F. 


above-mentioned 1° manganese alloy may have 


It is suggested that the 


hardened by precipitation of some micro constit- 
uent during heating and testing, and that a similar 
test piece similarly heated but then tested at room 
temperature would have been even stronger. 


much as possible of the CuAl, compound, fix by 
quenching and later re-precipitate by aging. In 
this way the fine particles of this or other com- 
pound reinforce and strengthen the individual 
Some authorities take the view that 
heat treatment cannot permanently improve 


crystals. 


pistons since if strength is conferred by heat it 
can also be impaired by heat. A leading English 
metallurgist states: “Pistons probably lose all 
hardness conferred by heat treatment after run- 
ning some time and there is therefore no gain 
by heat treating to give hardness.” Accepting 
this statement as correct for the heads, operat- 
ing conditions in motor cars are such that 
American metallurgists believe that heat treat- 
ment is of permanent value to the metal at the 
lower ring belt, wrist pin and skirt sections. 
Following the English view further, certain 
German metailurgists favor the use of higher 
percentage of copper; in this way there is a 
more complete network of the hard CuAl, com- 
pound belween the crystals instead of a finely 
dispersed assembly in the crystals; they have 
therefore developed such alloys as “quarzal” 
and “zirconal”. In these metals the excess 
CuAl, network rides higher on the surface than 
the softer matrix, and according to tests by 
Paut Sommer this gives better wearing proper- 
ties and lower friction. It is assumed that the 
network will come in close contact with the 
cylinder wall, and the rest of the surface then 
provides depressions to hold an oil film. 
While the copper-manganese piston alloy 
was developed in Britain it has largely gone out 
of use there. In Germany however it was taken 
up, the copper being increased to 15 or 16%, the 
manganese to as much as 6%, and iron (or other 
metal in the same group) added to the extent of 
1°. This alloy, “quarzal”, Brinells 160 cold and 
98 at 500° F. 
expansion is stated to be below normal and its 


Its density is high, being 3.2; 


wearing resistance extremely high. 

The method of testing frictional wear in 
Germany is somewhat involved and arbitrary 
and it is suggested that a useful line of research 
lies open in this field. It has not been estab- 
lished just how far friction is responsible for 
the heat generated in a piston, particularly in 
the skirt where any seizing would likely take 
place. However, a low friction coefficient is 
doubtless as important in a piston as in a bear- 
ing. It is known that nickel reduces the sur- 
face friction of an alloy, probably by reason of 


the better finish it confers, and the alloy “gama” 


used in France analyzes 12% Cu, 2% Ni. 
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(Eprror’s Nore: American experience indi- 
cates that rate of wear is seldom of importance 
in the successful operation of aluminum alloy 
pistons. They practically never fail because of 
reduction in skirt diameter from wear. The most 
usual cause of failure is collapse or permanent 
deformation of the spring-type piston now in gen- 
eral use. Wear is an even smaller factor in the 
rigid trunk-type piston, such as is generally used 
in aircraft engines, since clearances must be con- 
siderably greater than with the flexible spring-type 
piston, If seizure takes place, a rapid rate of wear 
may occur, but it cannot be said that this wear is 
the primary cause of failure.) 

In England, too, pistons have for some time 
been produced in a self hardening copper alloy 
of good bearing properties. This has been 
developed by the Metal Castings Co. of Worces- 
ter and contains up to 10° copper with addi- 
tions of magnesium, nickel and chromium. The 
Brinell hardness is 145 cold and shows little 
softening at operating temperature. Machining 
properties are particularly good and there is no 
trouble with “hard spots”. Because of the cost 
and time involved in heat treatment, quenching 
and age hardening, there is a tendency in Eng- 
land toward self hardening alloys of this type 
which require only a normalizing treatment. 

A representative series of aluminum-cop- 
per piston alloys as used in Europe is shown in 
the table below. Most of these have a normal 
expansion coefficient between zero and 575° F. 
of 13.5 to 14.5 & 10° per °F. and a thermal con- 
ductivity figure of 34 to 36° (silver 100%). 
The table brings out the tendency toward the 
use of hard, self hardening alloys having a rela- 
tively high copper content. 


Aluminum-Silicon Alloys 


Shortly after the introduction of “alpax” 
the 12° silicon alloy, in 1920, it was tried for 
pistons. The metal was found to have several 


Aluminum-Copper Group of Piston Alloys 








British L-8 12.0 





COMPOSITION (a) 


: MAGNE-  MANGA- .. CHRO- 
COPPER arun wean NICKEL [RON (a) eeu 
Bohnalite 10.0 0.3 bas = 12 — 

10.0 1.3 ae 2.0 ben 2.5 
12.0 0.8 a Ty joa can 
12.0 0.1 0.5 — eae 4 
12.0 —e cae 2.0 ai a 
12.5 0.3 with 1.4 a sea 
12.5 0.3 1.4 
14.0 evs 1.0 aoe cata aa 
15.0 isi 6.0 = 1.0 aoe" 
16.5 dave aire 0.8 











Notre (a)—All the alloys carry normal amounts of silicon 


(about 0.5°¢ of each) except where more is shown. 


very useful advantages as it was ideal for per 
manent mold casting and, more important stil 
it possessed a coeflicient of expansion some 20‘ 
lower than other types of alloy. On the othe 
hand it was deficient in hardness; it had a ver 
low proportional limit, and later tests hay 
shown a high degree of friction in service. Keep 
ing the good feature of low expansion this alloy 
has developed into a number of piston metal 
giving better hardness, machining and runnin, 
properties. This has been achieved by increas 
ing the silicon content in some cases to over 20° 
and also by the addition of hardening and hea 
treating elements. 

Much of this development originated i 
France and pe Fleury was, perhaps, the firs! 
to recommend the use of the “hyper-eutectic” 
metais. Tests showed that the expansion coeffi 
cient (75 to 575° F.) varied with the silicon con- 
tent, from 11.6 « 10°° at 12° Si, to 9.2 « 10° at 
35% Si. 

These higher silicon alloys begin to offer 
the possibility of equalizing the expansion 
between the piston and the cylinder wall, since 
it is possible to produce nitralloy cylinders or 
liners with a coefficient of 10 10°° (gray iron 
having a figure of 6.6 * 10°). These high silicon 
alloys however are very diflicult both to cast 
and machine. 

Better results were achieved after the addi- 
tion of copper, nickel, magnesium, silicon and 
other hardening elements in small amounts. 
This is typified by the American alloy “lo-ex”, 
developed by Messrs. ArcHER and Kemper, which 
has been widely adopted in Europe. In France 
however these elements have been added to a 
hyper-eutectic silicon mixture, an example 
being “alusil” with 21° silicon and small pro- 
portions of nickel and copper. This alloy has a 
cold Brineil hardness of 100 which becomes 
about 65 at service temperature; it machines 
well and has an expansion of slightly over 

10 « 10° per °F. 

In discussing expansion with tempera- 
ture it should be mentioned that certain very 
extravagant claims have been made for cer- 
tain alloys, such as a coefficient of 8.5 « 10°. 
This is quite impossible to achieve with an 
normal alloy in practice; the most favorab! 
value for a practical piston alloy is repré 
sented by 10 10°°, which figure applies t 
“alusil”, “supra”, and “K-S 280”, all contain 
ing over 20° silicon. 

The “diatherm” piston developed i 
France uses a hyper-eutectic alloy and i 
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moreover designed as a plain trunk type. Care 
has been taken to taper the section from a thick 
head down to a thin edge of skirt. To avoid 
distortion the section has been thinned at the 
piers so that the wrist pin bosses will receive 
as little heat as possible. This prevents distor- 
tion and tightening on the pin. 

The silicon alloys appear to suffer from two 
disadvantages; low conductivity and relatively 
high friction. The former value averages 27' 
as against 35‘¢ for the copper alloys. This in 
itself means that the piston will run hotter, The 
use of nickel in the alloy appears to ameliorate 
the condition to some extent. The wearing 
properties are affected, according to SomMenr, 
by the surface deformation of crystals in serv- 
ice. It is stated that the soft constituents of the 
alloy recrystallize most easily, standing out on 
the surface until they are worn down. This has 
led to the addition of as much as 5 to 7° copper 
in “supra” and “sylcum” alloys. Tests made by 
E. Kocu of the Mahle Gesellschaft, Stuttgart 
(the largest Continental piston producers) give 
a figure of merit of wearing properties based on 
“bohnalite” at 100%. On this scale “lo-ex” 
shows 80° and the high silicon alloys 70‘. 

The remaining chief feature of this group 
of alloys is light weight. Density averages 2.65 


as against 2.90 for most of the copper alloys. 
Aluminum-Copper-Nickel-Magnesium 


In the early days of light alloy pistons an 
alloy was used by the National Piston Co. of 
New York, for their production, embodying over 
90° aluminum and the balance copper, nickel 
and magnesium, Alloys in this category termed 
“magnalite” appear to have originated in Ger- 
many some time earlier, but litthke development 
ensued. The proportions appear to have been 
a happy guess and there was no recognition of 
the heat treating possibilities. 

As a piston material the alloy was virtually 
dropped in America and the study and develop- 
ment of this group had to wait until it was 
taken up by the British investigators in 1918. 
As already mentioned, the National Physical 
Laboratory metallurgists established the useful 
effects of adding nickel to an aluminum-copper 
alloy, inasmuch as the hot strength and con- 
ductivity were much improved. Further tests 
showed that it was possible at the same time to 
reduce the copper content (and the weight). 

Since the heat treatment of duralumin was 
simultaneously being studied, it was decided to 


Aluminum-Silicon Group of Piston Alloys 





COMPOSITION 


ALLOY . MAGNE- MANGA 
Copper SILicon aur nat NICKEI 

Syvlcum 7.3 0.0 0.5 1.4 
Panseri 1.0 11.5 0.4 1.2 
Alpax 12.0 
Alpax G 12.0 0.3 0.4 
Central A y BS 12.0 1.3 1.3 9.5 
Lo-ex 0.8 14.0 1.0 20 
K.S. 245 1.5 14.0 0.7 0.8 B. 
Hypersilicic 3.0 18.0 
Citroen 1.0 19.0 0.5 20 
Supra 2.0 20.0 0.4 
Alusil 1.5 21.0 0.7 
K. S. 280 1.5 99 () 0.5 0.7 1.5 





OTHER 


1.2 Co 





Iron is not a desirable addition; it is assumed that about 


0.5 is present as an impurity throughout, 


test the effect of adding magnesium to the 
copper and nickel and tentatively heat treating 
the metal; the resulting alloy was termed 
“Y-alloyv”, and was referred to at the time as 
“cast duralumin”. It contained, as is well 
known, 4°¢ copper, 2° nickel and 1.5°O magne- 
sium, and was the first cast aluminum alloy sub- 
jected to thorough metallurgical investigation. 

There is on record a considerable amount 
of literature dealing with its constitution and 
properties. Owing to its complexity, involved 
in the many compounds of aluminum and 
nickel, no thorough knowledge exists even now 
of its constitutional changes. The main thing is 
that the British investigators, who had been 
seeking an alloy to stand up to airplane piston 
service, had found what they wanted. 

Tensile strength of this alloy when cast in 
permanent molds and heat treated is of the 
order of 40,000 psi., and at a service tempera- 
ture of 500° F. it is still over 22,000, For the same 
temperature range Brinell hardness falls from 
100 to 65. 


“Y-alloy” has a cold hardness of 120 falling to 


According to some authorities 


7) When hot, but much depends on the type and 
duration of heat treatment. Cast pistons are 
heated in an air muffle at 975° F., quenched in 
boiling water and held in the water for three or 
A longer aging period at normal 


a 


four hours. 
temperature for some days was originally used 
and probably still gives the best results for large 
castings, but the accelerated treatment is neces- 
sary for commercial reasons. 

As regards the internal constitution, it was 
shown by Arcusurr that in spite of the 4% 
copper content, the hard compound CuAl, does 
not appear in this alloy, its place being taken 
by a complex Al-Cu-Ni compound in addition 
to NiAl, and Mg.Si. It has already been pointed 


out that there is some question of the permanent 
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effects of heat treatment on pistons in view of 
the annealing effect of service temperature. Two 
facts stand out in connection with Y-alloy; first, 
the temperature of treatment is a good deal 
higher than that for a straight copper alloy and 
it can therefore be run hotter without anneal- 
ing; second, this metal has a remarkable recov- 
ery value so that although some temporary 
annealing may take place, the alloy hardens up 
again at a lower temperature. 

An English authority, W. C. Devereux, has 
advised against the deliberate heat treatment 
for attaining abnormal hardness. He believes 
that if a piston is treated to give a Brinell of 
150 or over, the crown will manifestly become 
annealed in service leaving the lower zone of 
the piston hard. As a result stresses are redis- 
tributed and resulting distortion may be enough 
to contribute to failure. He recommends a cold 
hardness not over 120 for small pistons and 80 
for diesel pistons, the castings being deliber- 
ately annealed to yield the last figure. An 
important aim is maximum strength and per- 
manence at the wrist pin bosses. 

“Y-alloy” is not easy to cast; it has a tend- 
ency to hold gas if the heat is kept molten too 
long, the magnesium may become partly oxi- 
dized leading to black specks, and trouble is 
sometimes experienced with intercrystalline 
cracks. All these conditions can be controlled 
by good foundry practice. Gas occlusions have 
proved the most troublesome, and have been 
most effectively cured by cooling a gassed heat 
in the pot down to the solidus temperature, then 
rapidly heating up again and pouring. When 
poured the metal should not be stirred and 
gates should be designed to give a quiet easy 
flow into the mold. 

Experience with “Y-alloy” led some inves- 
tigators to improve on it, and the research work 
of Hatt and Brapsury of the Rolls Royce Co. 
resulted in the development of the “hidumin- 
ium” alloys, notably “RR-50" and “RR-53”. For 
the most part lower proportions of alloy are 


Aluminum-Copper-Nickel-Magnesium Pistons 











COMPOSITION 
ALLOY | ato 
“ Copper | NicKEL | grceeedl meoreram IRON (a) OTHER 
SIUM | (a) : : 

Magnalite 2.5 1.5 13 
Baush A-5 6.5 Be. 0.5 
Diesel 3.0 5 1.0 
X-Alloy 3.6 0.7 0.6 0.7 1.2 
Y-Alloy 4.0 2.0 1.5 
RR-50 13 ia 0.1 2.2 1.0 0.18 Ti 
RR-53 2.25 1.3 1.6 1.25 1.4 0.10 Ti 
Ceralumin C 2.5 1.5 0.7 2 1.2 0.15 Ce 











Nore (a): Iron and silicon impurities are present in normal 
amounts except where a larger proportion is indicated. 





used, together with an addition of silicon | 
improve foundry properties, iron to give | 
stronger structure and, most important of al, 
titanium to refine the grain. Titanium is als) 
thought to accelerate heat treatment, preve: | 
gas holes on solidification, and give a wider 
temperature range for pouring. 

No group of casting alloys has been s) 
intensively studied in England from the indus- 
trial viewpoint as “hiduminium” and as a result 
they dominate light alloy casting practice in 
Britain, particularly for high temperature sery- 
ice. “RR-50” is not strictly a piston alloy, this 
being the function of “RR-53”, but it does show 
the first step in the transition from “Y-alloy” 
to the “hiduminium” series. “Ceralumin C” is 
another piston alloy of somewhat similar char- 
acteristics to “RR-53” except that cerium takes 
the place of titanium. All these alloys are 
standard and proprietary in Britain and else- 
where; in England they were developed for 
aircraft pistons but latterly these are usually 
forged from alloys in the same group. 

An interesting line of development exists in 
the production of pistons in two alloys. Since 
the aluminum-silicon pistons are characterized 
by low expansion their merits are most useful 
in the piston skirt, while the “Y-alloy” type 
(with its resistance to heat and good thermal! 
conductivity) is superior for the head. There- 
fore a composite alloy piston is being produced 
in which the mold is poured from two ladles; 
first with “Y” or “RR-53” and then immediately 
after filled up with “alusil” or other hyper- 
eutectic mixture. With the proper technique 
this results in a perfect bond between the two 
zones, and a proper amount of interdiffusion 
is assisted by the lower density of the silicon 
alloy. In some instances even pure aluminum 
has been employed for the head so that the full 
advantage of its high thermal conductivity is 
obtained. Such pistons are finished as a plain 
trunk, without slots or other mechanical device. 

Piston alloys of the copper-nickel-magne- 

sium group have an average expansion rate 
of 13.5x10° per °F.; their thermal conductiv- 
ity is 38 to 40% of silver. According to the 
German authorities previously quoted, the 
figure of merit for wearing properties |s 
90% of “bohnalite” but this figure should 
probably be higher. The presence of nicke! 
lends itself to a high finish after grinding an‘! 
careful tests would show that the frictio 
properties are at least as favorable as an 


piston alloy now in use. € 


Page 64 


; PAGE 65 


1941 


JANUARY, 


METAL PROGRESS 





PAGE 65 


1941; 


JANUARY, 


3S 


sR 


METAL PR 





Machinability of Hot-Rolled Steels 















































By James Sorenson and HW allace Gates 
Chief Metallurgist llead, Standards Dept 
Phe Four Wheel Drive Auto Co.. Clintonville. Wis 
Relative time for removing unit volume of the S.A.I speeds and feeds Ihe tools r the terial ae 
steels in a well-equipped machine shop, averaging erally determine the depth of cut Courtesy Four 
such variations as tools, operators, types of machines, Wheel Drive Auto Co. and Product Engine 
ULTIMATE ELASTIC ELONGATION | REDUCTION BRINELL HARDNESS | MACHINING 
S.A.E. NO STRENGTH LIMIT IN 2 IN OF AREA TIME 
LB. PER SQ. IN.| LB. PER SQ.IN.| PER CENT per cent |! 00 140 180 220 260 300 | INDEX 
4340 150,000 125,000 22 56 | > 38 
4150 150,000 125,000 18 45 3.13 
3340 150,000 125,000 20 54 | 4.0 
2350 150,000 125,000 16 42 “7 
3250 145,000 120,000 16 48 4 
2340 145,000 120,000 18 50 | 334 
4540 142,000 125,000 21 60 a 2 
6150°* 140,000 105,000 16 42 —-$ 
3340°° 140,000 100,000 20 50 g 
3140 140,000 115,000 18 48 44 
2330 140,000 110,000 18 50 84 
6135 138,000 120,000 20 $2 HARDNESS 8 
5140 135,000 115,000 20 50 : 
4140 135,000 122,000 18 55 
3240 135,000 115,000 18 50 | 
6130 130,000 115,000 20 55 | 
4130 130,000 115,000 20 55 
3312 130,000 110,000 22 58 
3230 130,000 105,000 18 50 | 
6140"* 125,000 110,000 15 40 g 
3220 125,000 95,000 18 45 5 
3130 125,000 105,000 20 50 
X1335 125,000 100,000 18 45 | 
4640°* 120,000 90,000 12 40 | ’ 
4620 120,000 90,000 20 58 
3312°° 120,000 90,000 22 55 | if 
3250°° 120,000 95,000 18 45 7: 
9260° 115.000 82,000 18 4] 
4820 115,000 75,000 20 50 | g 
4615 115,000 88,000 20 60 | 
3120 115,000 90,000 19 60 | 
2320 115,000 88,000 20 55 0 
315 110,000 84,000 22 60 q 
255 10,000 80,000 20 44 ? 
5140°° 100 85,000 20 ‘ | 
4815 110,000 80,000 20 — 
34 110,000 90,000 22 | $8 
5] 110,000 68,000 30 65 
35 110,000 80,000 22 45 
104 | 110,00 90,000 18 45 
3250° 108,000 80,000 22 50 
6150° | 105,000 75,000 24 5 8 
4 105,000 75,000 22 52 
3240° i 105,000 75,000 24 50 i 
6140* | 100,000 70,000 25 55 
464 | 100,000 85,000 18 | 45 
~ " " ‘ ' 4 
4340° | ] 000 80,000 23 6 | sa 
109 | 100,000 60,000 22 45 
1035 | 0,000 70,000 24 $5 
613 95,000 65,000 18 50 
415 95,000 0,000 25 54 
| 95,000 65,000 22 55 j 
234 95M 66 25 58 
| 95000 | 65000 | 2 «| 55 0 he 
48; | 92,000 | 65,000 25 é D 
si30 | 90000 | e000 | 25 | a ang MACHINABILITY | 
5140 | 90,000 55 000 25 55 
4gis* | 90,000 70,000 28 | 65 HOT ROLLED STEELS 7 
4) 90,000 65,000 28 58 9 
33) 90 '@) 75000 2 6? { 
3230 } 90000 fy < 54 Annealed j 4 
13 90,000 60.000 55 Not heat treated 
120 | 85,000 | 65,000 6 Cold rolled | ie 
462 j 85,000 55,000 3 é 
4130° | 85,000 60,000 3 65 é 
2330° | 85,000 62,00 58 ; 
1040° | 85,000 50,000 ? 54 ‘ 
220° 80,000 68,000 23 60 97 
i 80,000 65,000 2 70 22 
5° 80,000 48,000 28 58 4 
7 80,000 60,000 15 | 
é 78,000 60,000 35 | 70 y 
46 8.000 48,000 33 65 é 
23 0 58,000 30 60 
} 75,000 45,000 28 .- « 
| —_74,000 55,000 32 67 
70,000 60,000 32 é | 
65,000 40,000 32 é 
x] | 62,000 48,000 30 58 61 
20. | 55,000 41000 | 32 60 | 43 
24 40 56 72 88 100 


RATING, PERCENT 











Safe DEFENSE against breakdowns... 


INCREASED STRENGTH AND TOUGHNESS OF 


NICKEL | 


ALLOY STEELS ha 


















NEW JERSEY—Compactness, light 
weight, high strength and fatigue 
resistance are life-and-death re- 
quirements for aircraft engine 
parts. Here you see connecting 
rods of Nickel-chromium-molyb- 
denum steel machined at the 
Paterson, New Jersey, plant of  \ 
Wricut AERONAUTICAL Corp. \ 
Through their uniform response to 
heat treatment and ready machin- 
ability at high hardness, Nickel 


alloy steels simplify production, 





ALASKA—Stripping 60 million cubic 
yards of frozen soil from 16 million 
cubic yards of gold bearing gravel is 
the job of this Bucyrus-Monighan elec- 
tric drag line and Bucyrus-Erte travel- 
ing feeder. Working near Fairbanks, 
Alaska—more than 2,000 miles away 
from replacement parts - embrittle- 
ment and breakage at subzero tem- 
peratures must be avoided. More than 
17 tons of 344°° Nickel low carbon 
steel forgings were used, chiefly for 
shafting. Three tons of 1.50/2.00' 
Nickel steel castings are alsoemployed 
Gears, pinions and crawler parts ar 
heat-treated Nickel-chromium steel! 
The mile long conveyor belt system. 
furnished by the Pactric Car & Foun. 
DRY Co.., depends on speed reduce! 
shafts of tough Nickel-chromium- 
molybdenum stee!, SAE 4340, 








NEW YORK —Cost records show this 
power-driven INGERSOLL-RAND Impact 
Wrench 6 to 8 times faster and more 
efficient than hand methods for applying 
and removing nuts. The hammers and 
anvils which withstand up to 1100 tor- 
sional impacts per minute are Nickel- 
chromium-molybdenum steel. Nickel 
alloy steel is readily hardened to pre- 
vent battering and stoutly resists wear 
and fatigue. 


THE INTERNATIONAL NICKEL COMPANY, ING. new vorx’ x. v 
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AVOID BREAKDOWNS and costly de 
lays by specifying new equipment and 
replacement parts in tough, shock 
resisting Nickel alloy steels. For pra 
tical information about recommende: 
applications of Nickel alloyed mate 
ials, please address: 





ee 


ee 





a re 


Accidents Frequently Due to 
Unique Conjunction of 


Circumstances 


Ww have received the following from Pro- 


fessor PORTEVIN: 

“Events prevent me, at the moment, from 
corresponding with my secretary who has 
remained in Brittany with the Revue de Metal- 
lurgie. Consequently I do not know whether 
the enclosure duplicates something already sent 
you. This note is written at Angouléme, near 
sjordeaux, on June 28, the very day that this 


citv is being occupied by the Germans.” 


Ar tHe TIME of the collapse of the Hasselt 
Bridge, on the Albert Canal, I pointed out 
(Mera Progress, May 1939, p. 491) the multi- 
plicity of causes or possible sources of such an 
accident, and noted that only a careful experi- 
mental study, a thorough and well-informed 
survey, would determine its true cause. It was 
also noted that there might be several simul- 
taneous or overlying causes. This has frequently 
been my conclusion following investigation of 
many widely varying accidents, examples of 


which are given below: 


1. Corrosion of Stainless Steel Tanks for 


Nitric Acid — Tanks made of 18-8 steel plates 
assembled by welding corroded deeply all along 
the seams, the metal becoming brittle and 
rapidly unfitted for service. Moreover, a thin, 
gelatinous coating formed on the surface of the 
metal which was recognized as containing alu- 
mina. A study of the metal (and the acid it 


contained) led to the following conclusions: 


(a) Presence in the nitri 
acid of traces of aluminum in 
the form of dissolved alumi 
num nitrate and colloidal alu 
mina, derived from aluminum 
apparatus with which it was 
previously in contact, 

(b) Presence in the stain 
less steel of an abnormal 
titanium content (1.35% ). 

(c) Welding performed 
with filler metal containing no 
titanium, 

As shown by micrographic 
and mechanical examination, 
a brittle martensitic zone 
existed along the edges of the 
weld. and this was corroded 
by the acid. For this phe 
nomenon to occur, however, the triple condition 
enumerated above was necessary; if the steel 
had not contained an abnormal percentage of 
titanium, or if it had not been welded with rod 
of different composition, or if the acid had not 
contained some aluminum, the corrosion would 
not have occurred. Each cause, taken sepa- 
rately, would not have been responsible for the 
damage none of them is the sole cause of the 
trouble, only their combined effect. 

2. Failure of a Large Diameter Pipe ina 
Hydro-klectric Plant 


plant and killed half a score of victims. A very 


This failure flooded the 


thorough and exhaustive survey proved that the 
accident was the result of the following series 
of errors and circumstances: 

(a) Unauthorized assembly of piping by 
welding. 

(b) Very poor execution of the welding. 

(c) Entirely insuflicient repair of the part 
after finding a leak in the hydraulic control. 

(d) Lack of an automatic safety device. 

(e) Insufficient mechanical strength of the 
“safety device” actually installed. 

If only one of these errors had been omit- 
ted, the accident would not have happened or 
would have had no serious consequences; thus, 
each of them is a necessary cause of the catas- 
trophe, but none is a suffictent cause. 

3. Collapse of Belgian Bridges on the 
Wbert Canal Let us consider now the col- 
lapse of the Hasselt Bridge in 1938, which was 
followed, at the end of January 1940, by acci- 
dents to four similar bridges on the Albert 
Canal. All these failures presented the common 


characteristic of fracture without deformation 
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of a metal that was either specifically or glob- 
ally brittle (that is to say, having either insuf- 
ficient elongation or loaded with locked-up 
internal stresses or strains). 

We now find that these accidents probably 
are due to the coincidence or superposition of 
several causes, notably the following: 

(a) A design that was indeterminate in 
character, or one whose stresses transcended 
the ones indicated by static analysis (hyper- 
statique); certainly one not well designed for 
welded joints. 

(b) A concentration of welds and 
sequence of welding introducing considerable 
internal strains or stresses. 

(c) Poor weldability of the metal used, 
inducing specific brittleness of the base metal 
and the welds, particularly at low temperatures. 

(d) <A very severe winter with tempera- 
tures as low as zero Fahrenheit. 

It is equally probable, in this case, that 
suppression of one of these causes would have 
prevented the accident; each is a necessary con- 
dition and, consequently, is responsible, but 
none of them is a sufficient condition and none 
can take the total responsibility. It is not even 
easy to make a fair distribution. 

Thus it is shown by the above examples 
that a single technical defect, a single error in 
fabrication or construction, a single abnormal 
circumstance, is usually not enough to cause an 
accident. Happily this is true from the view- 
point of security, for it rapidly diminishes the 


























probability of accidents. But the accumulatio: 
and superposition of defects and errors ma) 
occur during the life of structures made by mai 
as well as in the life of man himself, provok 
ing accidents on the one hand, calamities on the 
other. ALBert M. Portrevin 


Equilibria in the Fe-Ni-Cr System 
Involving the Sigma Phase 


ARBER, NX. J.— A ternary equilibrium dia 

gram of the region comprising the sigma 
phase was proposed by JoHN S. Marsu in the 
March 1939 issue of Merat Progress. The avail 
able experimental material allowed only two 
probable conclusions of a qualitative nature: 
(a) The sigma phase occurs over relatively wide 
composition ranges of the ternary system and 
(b) nickel probably increases the maximum 
temperature of stability of the sigma phase 
The diagram of Marsu was based on these two 
requirements, and on the fairly well established 
boundaries of the sigma phase in the binary 
le-Cr system. 

It seems, however, that this diagram is not 
the only possible one satisfying the above 
requirements, and the present writer believes 
that it implies additional restrictive assumptions 
for which no explicit justification is given. 

It seems preferable that the systematic col 
lection and ordering of further experimental 
material be guided by a tentative diagram of 
the most general type compatible 
with the data already available 
Further specializing restrictions 
should then be applied only as 
required by new evidence. 

A somewhat more general 
tvpe of diagram, complying with 
the same requirements which 
were explicitly given as the basis 
of the diagram of Marsn, is 
schematically described in the 
following. The boundaries of the 
sigma phase proper are the same 


in the proposed new diagram 


Surface Combustion Corp, Has Built Tw 
Mammoth Stress Relieving Furnaces fi 
the U. S. Navy. A crane is removing one 
seclion of the roof. Internal dimension: 
are 56 [t. long, 48 [t. wide, 30 f[t. high. 1 
is capable of heating a 340-ton charg 
to 1250° F, in 36 hr. by means of recircu 
lating air through four external heater 
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(Fig. 2) as they were in the old one (Fig. 1). 
A is the transformation point of the compound 
in the binary Fe-Cr alloys, and as such is a 
singular point. While Fig. 1 assumes that this 
singular point extends into the ternary sys- 
tem as singular line A-A,, in the new diagram 
A-k, 


the sigma phase. 


is simply a line of two-fold saturation of 
The two phases with which 
sigma is here saturated are a, and a along lines 
K-A, and A-A., which are also lines of two-fold 
saturation. The ruled surfaces between the 
lines A-A,, A-A, and A-A, delimit a three-phase 
At the low temperature end, 


Fig. 2 
which it is assumed that lines A-C, 
and A-A, will coincide. 
A, and A 
the three-phase field a,+a 
field a, +a 


In order to further clarify the difference 


be derived from as a special case, in 
A-A,, A-A 
In that case points t. 
of Fig. 1; 


o and tw o-phase 


will coincide with point A 
will degenerate into line A-A 


between the two diagrams, two isothermic sec- 
tions are given. Figure 3 shows an isothermic 
section of the new diagram at a temperature 
between the non-variant equilibrium C-D and 
A,A,K,G. The tri- 


angle a,a.g is a section of the three-phase field 


the non-variant equilibrium 


equilibrium fteld. 












Fig. 1 Equilibria in the Fe-Ni-Cr : Fig. 2 Vore General Dia 
System Involving the Sigma we yram of Equilibria in the a 
Phase, as Proposed by ot \ Fe-Ni-Cr System Involv | 
John S. Marsh. (METAL K a \ ing the Sigma Phase 
7 \ ’ 
Procress, March 1939) | . 6 
\ 
\ 7 \ 
\ 
| 
| 
| —_ | 
, 
\ | 
/ \ | 7 
/ \ 
a \ 5 , — 
—— } \ \ al 
— sp ) 
i A \ 
aio oo - - $  hee 4 - 
7 q, | [ 4 " - |" ~ r 
Vv » | “ 
: ket , . 
this three-phase field degen- Fig. 3 Isothermal Se , ULITY _N 
erates into point A, as required fion Through Fig, 2 f/f 
‘ _ ‘ Between C-D and A AKG 
by the singular point in the 
binary Fe-Cr system. At the 
. Ni 
’ high temperature end the’ three-phase ) A 
field terminates in a more conventional man 
. . . . . & 
ner at the non-variant four-phase equilibrium 
1,4.4,G. The other three-phase fields termi } 
nating at this four-phase equilibrium are 
t G Y ad +6 vy, and «a a Lhe | a 
at » field extends toward higher tem 
peratures, and terminates at the non-variant Fig. 4 —lsothermal Se 
equilibrium C-D, where phases a, and «a tion Through Fig , 
: . : a : Retween A AKG and k 
become identical in the critical point ¢ Phe 
two-fold saturated line of the y phase in equi- 
librium with a, and a ends at point D. Above “ Of the bordering two-phase tields 
this temperature there are only two stable r terminates in point ¢ where the isothermic 


and plane intersects criti al line A- Figure 41 shows 
of the 
temperature between point A and the non-variant 


1.A,G 


phases: a and y. The surfaces A-C-A 


A-C-A, delimit a two-phase field where a, and an isothermic section new diagram ai a 


» are in equilibrium. This two-phase field 


lerminates along the critical line A-C, where equilibrium A The triangle a,a.s repre 


the two phases become identical. sents an isothermic section of three-phase field 
It is clear that the diagram of Marsu can (t The two-phase field «a » also 
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appears in this section. In the corresponding 
isothermic section of Fig. 1 the triangle a,a.s 
and the two-phase field a, + a, would disappear, 
and points ¢ and s would coincide. Isothermic 
sections of the two diagrams at temperatures 
below point A are identical. 

The actual diagram of the Fe-Cr-Ni system 
will have to be determined experimentally. 
Experimental decision between the two dia- 
grams should be possible, since the co-existence 
in any one alloy of two alpha phases is permis- 
sible only according to the new diagram. Such 
decision may however be difficult: by either 
microscopic or X-ray methods if the composi- 
tions of the two alpha phases are relatively 
close to each other. Another method of decid- 
ing between the two diagrams may be based on 
the following observations: If the new diagram 
is correct, alloys of a composition near point 
A,, which can be homogenized to consist only of 
the sigma phase, may be transformed into a 
mixture of « (more precisely «a, a) and y by 
heating slightly above the non-variant tempera- 
ture. On the other hand, if the diagram of 
Marsu describes the conditions correctly, heat- 
ing of a homogeneous alloy will vield only the 
a phase with no admixture of y. 

Decision of this question would have some 
interest from a fundamental point of view. As 
far as the writer is aware no ternary system is 
known to show congruent melting or trans- 
formation (that is, identical composition of the 
two co-existing phases and a definite trans- 
formation temperature instead of temperature 
range) over a more or less extended continuous 
domain of compositions. Should the diagram 
of Marsu prove correct, line AA, of this dia- 
gram would represent such a congruent domain. 

Paut A, Beck 
Research Department 
American Smelting & Refining Co. 

Mr. Marsh Comments: — Despite the inge- 
nuity of Dr. Beck’s diagram, I feel that the one 
proposed by me (and simultaneously by Schaf- 
meister and Ergang in Archiv fiir das Eisen- 
hiittenwesen, March, 1939) is the more likely. 
It seems sufficient here to cite one of the several 
reasons for this belief: It is a matter of observa- 
tion that sigma phase invariably appears as a 
product of alpha phase; that is, 

aca 
Beck’s diagram, at point A,, shows conditions 
to be a,+-a@+ yoo 


This I doubt, because of the before-mentioned 


matter of observation. It is granted that mc -¢ 
experimental work could be used, but I belie ¢ 
that enough is now known to permit evaluati \y 
of the probabilities. 

Joun S. Marsu 


Two Errors 


Josern B. KusHNer writes that he carelessly 
credited JouN Wricut with the discovery of bright 
silver plate. JoHN WriGut was an inventor friend 
of the Elkingtons, but the worker who actually 
contaminated the bath with carbon disulphide was 
named WILLIAM MiLtLwarp. (Page 781, December 
1940 issue.) 


Bruce W. Gonser caught THe Eprror mis- 
quoting Jor Fox in Critical Points, September 
1940, page 269. The high strength brass, die cast, 
has the composition 88 Cu, 10 Zn, 5 Si, 1 Mn and 
1 Al, instead of the 1% Si stated. The high silicon 
is very important, since it reduces the melting 
range below that of other brasses proposed and 


used for die casting. 


Properties of Materials 


Coated With Acid Resisting Steels 


REFELD, Germany In Mera Progress 

for September 1940, W. RAbEKER reported 

on the “Use of Clad Metals in Germany”. This 

letter noted that the chemical industry is mak- 

ing wide use of acid resisting metals, particu- 

larly 18-8 Cr-Ni steel, as coating materials. I! 

is well to consider further the properties of the 
composites. 

The base metal usually chosen corresponds 
to the composition of boiler plate No. T (with 
less than 0.10% C) or boiler plate No. IL with 
slightly higher carbon. Several acid resisting 
steels have been utilized as the coating material, 
including, in addition to the 18-8 steel, the 17' 
Cr steel, the Cr-Mo steel containing 17 Cr and 
1.5'+ Mo, and the 18-8-2 Cr-Ni-Mo steel. Compo- 
sition and tensile properties of the base and 
coating metals are given in the first table. 

It will be noted that the tensile properties 
of the metals which are to be joined are wide’) 
different. It then becomes a question of what 
tensile properties the clad metal will possess. 
We find that we can compute it simply from 
the proportionate thickness. This has been 
proven by a number of experiments. The tal! 
opposite gives an example of an 8-mm., she! 
clad with a layer of 18-8 steel. 
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Composition and Properties of Materials Used for Coating 








CHEMICAL COMPOSITION TENSILE PROPERTIES 
Typt . OTHER ELONGATION 
( SI MN Cr NI Mo STRENGTH, Pst. 
ELEMENTS a) 
Base Mera 
Boiler plate I 0.10 0.60 S0to 62.000 95 
Boiler plate IT = 0.12 0.30 0.60 58 to 70.000 »9 
Acip RESISTING STEEI 

Cr steel 0.10 0.25 0.50 17 ri 70 to 92.000 25 
Cr-Mo steel 0.10 0.25 0.50 17 1. ri 78 to 92,000 oe 
Cr-Ni steel 0.10 0.25 0.50 18 8 Cb, Ta, Ti 85 to 105,000 1 
Cr-Ni-Mo steel 0.10 0.25 0.50 18 a) 9 () Cb, Ta, Ti 85 to 105.000 10) 








Nore (a): Per 

The high alloy steels have lower thermal 
conductivity than iron or the low alloy steels. 
Che question is therefore often raised as to what 
thermal conductivity the clad metal will possess, 
that is, whether the passage of heat from the 


iron to the coated layer will be hindered by the 


cent elongation on gage length equal to 5 diameters of test piece 


In choosing a base metal corresponding to 


the composition of boiler plate No. I or I, it 


can be seen that the tensile properties do not 
approach those of clad 18-8. If such a choice 1s 
made, it is done for the following reasons 

1. The material for chemical apparatus 








bond. Here also we can follow the same rule construction is generally mild steel, since it 
combines vood mechanical prop 
=f — -_ erties with good workability, 
Thermal Conductivity of Clad Metals 
> either hot or cold: it can be bent 
(RADEKER and ScHuONe) 
ind flanged and, most important, 
PHERMAL CONDUCTIVITY it can be welded It does not, 
Ca../Cm./S1 a Spl EA . 
MATERIAI peciFic HEA however, fill all requirements 
20 to 100 

20° C. 100° C. 300° C. since it lacks vood corrosion 
; resistam By combining it with 

Base metal 0.14 0.13 0.10 O.105 
18-8 Cr-Ni steel] 0.05 0.05 0.05 0.120 wid resisting steel in the form of 
Clad metal clad metal we obtain what = is 

0 ver RP ” 4) 7 
overlay 13 W.12 0.0 O10, essentially an iron with high cor 

20°) overlay 0.12 0.11 0.09 0.100 
rosion resistance It is not at all 








the thermal conductivity depends on the thick 
ness of the coating. The table above gives the 
heat conductivity up to 300° C, for an overlay of 
10 to BOC? 18-8 Cr-Ni steel As 


shown by experimental compared to calculated 


steel on mild 
values, the boundary layer provides no obstruc 
tion to the transmission of heat, for the good 
adhesion of the two lay- 
ers guarantees free heat 


transfer. This phenome- 


necessary to endow this iron with 


higher tensile strength. 
2. If for some special reason higher tensile 
strength is desired, it is not. however, feasible 
simply to raise the carbon content of the base 


has been found that at high working 


metal It 


lecaperatures diffuses slowly between 


high alloy 


cil bon 


the Dase metal and the steel coating, 


This (an be regarded as a good indication of the 


Tensile Properties of Clad Metals 








‘ : (RADEKER and SCHON} 

non is an advantage in 
such things as contain- PENSILE Properties ar 20° ¢ 
ers heated from without MATERIAI PHICKNESS 

; f YIELD ULTIMATI ELONGATION 
or steam-jacketed pipe 
lines. Heat transmission Base metal 

| Boiler plate | 1.283 0,000 psi 3,500 ps 25.8 
and heating power are 

‘ : Coating material 
therefore better with a 18-8 Cr-Ni steel O03! 10.000 88,000 17.5 
clad metal than with Clad metal 
solid high allov steel of Experimental values W31o 5100) 7100 alee 
a“ ie Calculated values $1,000 06,000 27.3 

lower conductivity. 
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adhesion between the base metal and the coat- 
ing, but it is a disadvantage in that if the carbon 
diffuses into the coating the tendency of the 
corrosion resisting steel to grain boundary dis- 
integration would be intensified, since the 
amount of carbide-forming elements present, 
such as columbium, tantalum or titanium, 
would no longer be sufficient to combine with 
all the carbon and convert it to a harmless form. 
The higher the carbon content of the base metal, 
the more rapid the diffusion into the coating 
and the sooner the permissible carbon content 
will be exceeded at the exposed face. 

If higher tensile properties in the base 
metal are desired, then the lower alloy steels 
may be selected, such as the nickel steels, chro- 
mium steels, chromium-copper steels, or chro- 
mium-molybdenum steels, which are already 
used for boiler construction. The choice of 
these can be made, as noted by Mr. RAbdEKER in 
his communication, on the basis of providing 
still other properties desirable for the intended 
use, such as better heat resistance, resistance to 
attack by hydrogen, resistance to embrittlement 
at low temperature, or creep resistance. 

Present-day metal coating is not confined 
to the acid resisting steels but is likewise enter- 
ing the field of heat resisting steels. Heat resist- 
ing steels are clad not only with mild steel, but 
also with other heat resisting steels in order to 
obtain properties not otherwise possible. 

The table below shows various clad mate- 
rials now used in Germany. Possible combina- 
tions are much more numerous than those given. 

H. HouGarpy 
Research Department 
Deutsche Edelstahlwerke A.G. 





Composition Molds for Castin< 
Novelties 


RANSTON, R. 1. — Since Mera ProGress bh is 

devoted some attention recently to die ca:t- 
ing and to centrifugal casting, readers may .e 
interested in a newly developed adaptation of 
a centrifugal process for the manufacture of 
jewelry parts and novelty items. They are cast 
of a low melting point alloy of tin directly in the 
rubber molds, the rubber being of such compo- 
sition as to resist successfully the molten alloy 
for a large number of casts. 

A view of a mold for casting simultaneously 
eight leaf designs is illustrated. (This is before 
the gates are cut.) The mold is produced by 
placing models of a suitable material between 
two unvulcanized discs of solid compound. The 
assembled unit is placed in a simple vulcanizing 
press whose platens have been previously 
heated to the required temperature, and _ pres- 
sure up to 36,000 ib. exerted. After curing for 
approximately 45 min. the pressure is released, 
the mold removed and split. The split mold is 
shown in the photograph having the mold with 
the leaf motif. Gates are now cut from the 
cavity to the center to permit the flow of metal. 

Such rubber molds cost less than 10‘. the 
cost of bronze molds previously used. They are 
suitable for casting metals having a melting 
point up to 700° F. on a production basis. From 
15 to 100 gross of castings can be produced from 
a mold costing less than $5. Perfect reproduc- 
tion is assured by use of centrifugal force to 
distribute the molten metal. The resulting cast- 
ings retain fine detail, have smooth texture and 
are free from blow-holes. From one to 72 pieces 


Clad Materials With Special Properties 














MATERIAL C Cr Ni 

Base Metal: Cr-Mo steel 0.10 2.0 
Overlay: 18-8 Cr-Ni steel 0.10 18 8 
Overlay: 

Copper in strips 
Base metal: Mild steel 0.10 
Overlay: 

18-8 Cr-Ni-Mo steel 0.10 18 i) 
Base metal: 

20-11 Cr-Ni steel 0.15 20) 11 
Overlay: 

25-4 Cr-Ni steel 0.15 25 { 


Base metal: 
25-20 Cr-Ni steel 0.15 25 20 
Overlay: Armco iron 0.02 —_ F 





OTHER 


; SPECIAL PROPERTIES 
ELEMENTS 


Resistant to hydrogen; better high 
temperature strength than iron. 
Ta + Cb Provides acid resisvance. 


Cu For local inductive heating. 
Provides tensile strength. 


Ta + Cb Provides acid resistance. 


Provides high temperature strength 
and scale resistance. 

Provides scale resistance and sul 
phur resistance. 


Provides high temperature strength 





and scale resistance. 
— Provides stability in salt baths. 
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Costume Jewelry and Novelty Items Are Centrifugally Cast in Rubber ¢ omposition Molds 
Vulcanized While Patterns Are in Place. Gates are cut leading from central pouring basin 


may be cast simultaneously in one mold, 
depending upon size, and the entire process can 
be set up and operated in a space 60 by 60 in. 
Casting is done in a centrifugal machine 
operating at 3600 ft. per min. at the outside cir- 
cumference of the mold. The molds are merely 
clamped together and a_ ladle-full of metal 
poured into the central cavity, the molds opened 
and the castings separated from the gates. 
FRANK K. Suir 
Alrose Chemical Co, 


Manganese-Silicon Steels 
for Transmission Gears 


TALINGRAD, U.S.S.R. 


the results of a long investigation of new 


| desire to report 


steels for tractor manufacture, designed to 
utilize the alloving elements readily available 
in our country. The work was originally based 
on that reported to the @ Transactions in 1935 
by T. N. AnmsrronG, who, in a comprehensive 
study of cast alloy steels, found excellent prop- 
erties in steels comparatively low in alloy con- 
tent, provided the manganese was above 1‘: 
Interim reports on our studies at Stalingrad 
lractor Plant have been published (in Russian) 
in Mettalurg in 1936 and 1937. 

The net result is that forged and heat 
treated low chromium-manganese and = chro- 
mium-manganese-silicon-copper steels can be 


substituted even for the higher chromium- 
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nickel steels of the S.A.E. 3300 series for trans- 


mission gears and other important machine 
parts. Forging and rolling is done without dif- 
ficultv; however the steels containing coppet 
are subject to surface cracking if overheated 
slightly. Normal quenching, carburizing and 
other heat treatments proceed normally without 
tendency to cracking or increased warping. 
Five general types of steels were investi- 
vated thoroughly and compared with the allows 
conventionally used in U.S.A... England and 
Germany. Typical heats of each type are shown 
in the adjoining table. All experiments were 
made on 5-ton heats of basic steel, made in oun 
small openhearth furnace. Types A, B and E 


are suitable for carburized parts. 





rye C Cr MN Si C1 
\ 0.24 1.16 1.37 1.16 0.56 
B 0.23 0.84 1.02 0.92 
Cc 0.38 1.27 1.30 1.36 0.56 
D 0.37 1.33 1.33 ().48 
E 0.21 0.50 0.04 0.33 











Presence of copper modifies the forging 
and rolling practice. Forging of Types A, C and 
1) must be started below 2100 to 2150° F. and 


finished above 1700° F.. and done by gradual 
stages rather than heavy reductions. Heating 


must be done in a neutral or slightly reducing 
atmosphere. Failure to observe these precau 
tions will Cause a large number of rejects from 
“fish scale” a close network of surface cracks 


, 


7? & 
‘ 
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Double Quenching Has no 


in the rolled bars or 
forged parts. This well- 
known effect of copper in 
steel is not associated with 
undue slag inclusions; all 
the steels are compara- 
tively clean and the frac- 
ture tests showed no 
internal defects. 

Heating and forging 
of the copper-free steels 
B and E caused no difli- 
culties. Safe hot working 
temperature range is 2500 
to 1650° F. 

Associated with our 
experiments on best heat 
treating practice was the 
determination of the criti- 








Advantage Over 
Single Quench for Carburized Steels A and B, 
Tensile, Impact and Hardness 


Strength in 1000 Psi 
and Proportional Lint 
A 


Reduction, Elongation, 


cal range on heating. This was 


checked both by a= dilatome- 


ter and by quench-fractures 


from rising temperatures. Point 


Ac, is between 1510 and 1560° F. 


for all five steels. The greatest 


lay on furnace cooling is in Steel 


A; for this, Ar, was noted 


1185" F. 


It would seem that the 


various alloy “balances” in our 


general types do not affect the 


lower critical temperatures very 
the 
medium carbon steels GC and D 


much; curiously enough 


registered Ac, near the upper 


limits of the above-mentioned 


temperature range. 


Tests Show 





Results of heat treatment of small round « 
square bars are shown on the accompanyi: 
graphs. All samples were quenched from tl 
indicated temperatures in oil and were a 
cooled after the tempering heats. Tensile te: 
pieces are 10 mm. diameter by 50 mm. gag 
length (0.394 1.968 in.) ; Mesnager impact tes! 
were 101055 mm. in dimension. 

The medium carbon Cr-Mn-Si-Cu_ stee 
(Type C) is distinguished by high strength and 
proportional limit; in general its properties ar 
not inferior to the 344% Ni, 146° Cr steel, S.A.E. 
3335. As quenched and after low tempering 
its microstructure is fully martensitic of fine 
needles. Steel D also has high properties, with 
especially high ductility (reduction of area). 
Its impact resistance, 5.3 kg-m. per sq.cm., is 
unexpected for a full-martensitic structure. 

When the properties as 
affected by tempering tem- 











Q=1700%F | Q=1700% |Q=1700°F | Q=1700°F | Q=1700¥ 
T+ 350% | T= 400° | T= 650% | T= 850% | T*1050%. 


& 
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perature are considered, it 
is apparent that Steel C has 





the advantage that the 





Strength 
——~4 450 


425 


Tensile 

| curves are smoother. It is 
therefore less sensitive to 
small errors in the temper- 








Properties of Heat C 
From 1700° F..Vario 


Proportional Lirmit a0 =. ing operation. However, 
160 > ; al . 
a Brinel/ Haraness ne both Types C and D are 
Ss) — 
Heat C 300 usable for driving gears on 
50 | Reduction of Area > 75 large tractors. 
. #0 > Types A, B and E are 
© 4 ‘ 
S 30 30S usually carburized, so all 
5 impact Resistance | 20> he 
x 0 Elongation = physical tests were made 
— . 
ws ae on bars that had first been 
7] os 


soaked at 1700° F. for 10 hr. 


, Oil Quenched : 
: (Continued on page 119) 


usly Tempered 









































Anneaied | Q=1510%F \Q =1S60°%F |Q*1600° |1Q «1560 F \Q = 1560 |\Q-1560%. | Q-IS60°F | Q=I560 °F 
at 1615 °F | T 1100% | T= SOO% | T= SOO% |\\ T+ 400% |T*480% | Te 525°F | T= 250° | T+ 930% 
260 ! 
Tensile Strength Tensile Strength 
240 t ; t 450 
x 
x 2 425 
§ 20 proportional- _—, = ; 
&S 200 Limit } 400 
8 8 Proportional Limit -* % 
25 180 575 £ 
St Brineil Haraness~ 55 
£8 160 § * 0 § 
BE “0 Heat D |_& eat D ae 
SR 120 a6, ga = 300 © 
™ | S Reduction of Area — y) 
100 Brunell Harcness |°°S °° sited 
80 t 08 240 + 4 250 
Reduction 
, 30 2 30 } 225 
ot. al we § a0 Elongation > 
Flongation> L Impact ) t 
—— > 10 ss 10 YL Rewetaree {a 
impact Resistance37— Jog“ ag t I 


Sharp Location 





of Proper Quenching Temperature at 1560° F, in 


Steel D. Small variations in tempering temperature affect ductility 
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A LITTLE DOES A LOT 


He thus meets the difficult requirements for wear 


Experience in many foundries is proving that good 
gray irou plus a little Molybdenum will do many an 
exacting job — and do it economically. 

Liners on the steam valve chest of a high pressure 
pump — a difficult application at best — are a case in 
point. The manufacturer makes them of good quality 
gray iron to which is added 1.00°, Molybdenum. They 


are oil quenched and drawn to a hardness of 40-45 


Rockwell “C”. 


PRODUCERS OF 


MOLYBDENUM 


BRIQUETTES, 






Clima 
500 Fi 
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resistance at operating temperatures and general reli- 
ability, and does it with better than average economy. 

A re-study of specifications may indicate similar 
opportunities in your own production. You will find 
our book, “Molybdenum in Cast Iron”, helpful. It con- 
tains complete data on the various Molybdenum irons 
used in modern foundry practice and is sent free on 


request. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


pany 
k City 








Personals 


Arthur Zavarella @ has trans- 
chemical and 
{ S 
Newport, 


ferred from the 
metallurgical laboratory, 
Naval Torpedo Station, 
R. I., to the chemical and metal- 
laboratory, Springfield 
S. War Department, 
Mass 


lurgical 
Armory, U 
Springfield, 


Orville T. 


signed as metallurgist 
Sivalls and Bryson, 


homa 


inspector of the electrode depart- 


ment for Metal & 


Jersey City 


C. M. Offenhauer & 
employed as a technical 
for the Union Carbide and C; 


Research Laboratories, 


wara Falls, N. Y 


Barnett 


Inc.., 


as 
Ww 


City, to become 


for 


has 
Black, 
of Okla- 
chiet 


Thermit Corp., 


now 


assistant 


Inc., 


irbon 





Carburizing and Annealing 


Equipment 


for every Industry 


WE are serving many indus 
tries with their carburizing 
and annealing equipment 

in fact, we manufacture over 
80° ;, of the carburizing boxes 
used in the United States. All 
Pressed Steel Company car- 
burizing equipment gives 
faster carburizing and equal 





heat-hour life, and is easier to 


handle because of the lighter 


weight. Specify 


Stee! Company’ 


‘Pressed 
for Carburiz- 


ing Boxes, Cyanide Pots, Tum- 
bling Barrels, Annealing Box- 
es, Tanks, Racks and Baskets, 
Welded High Temperature 


Alloy Tubing 


THE PRESSED STEEL COMPANY 


an ee ae 


a ee oe ee ee - 
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Richard K. Lee @, formerly 
Timken St 


Division, is now € 


search engineer, 
and Tube 
ployed by the McKay Co. of Yor 


Pa., as welding rod engineer 


John Olivieri © is employ 
in the melting department of t 
Gunite Foundries Corp. at Roc 
ford, Il 


Boss @ is worki 
as a metallurgical inspector int 
Philadelphia Ordnance District 


Gerard H. 


Appointed assistant manage 
merchants’ products dept., Ame 

can Steel & Wire Co., New York 
City: Frank E. Ward @, former|y 
representing the company 
manufacturers’ products in the 


State of Illinois 
George F. Meyer 
_S. Steel Corp. R 


Kearny 


Transferred: 
&. from the I 
search Laboratory at 
N. J., to the metallurgical cd 
partment of American Steel & 
Wire Co. at Waukegan, IIL, as 
product metallurgist. 


Lloyd B. 


metallurgy, 


Kramer @, Bb. S. in 
Carnegie Institute of 
Technology, ’40, is now employed 
by the Union Drawn Steel Diy 
sion of Republic Steep Corp. in 


the annealing department 


w. J. 


personne! 


Ehlers @ will hand 
for Wright 


Paterso! 


relations 
Aeronautical Corp. in 
N. J 


Richard P. Stemmier @ has 
been promoted to metallurgic 
sales engineer for U. S. Steel Ex 


port Co. 


LU. T. Greene @&, forme 
metallurgist, The Standard Tul 


Co., Detroit, is now assista 


metallurgist, Works Laborato! 
General Electric Co., Pittsfie! 
Mass. 


Alexander T. Bush @ is in | 
sales engineering department 


Acme Steel Co., Chicago. 


Transferred by Lamson & S« 
Alexander M. Smith € 
assistant manager Chica 


sions Co.: 
from 
plant to assistant manager Cle, 
land plant. 

















“Just what is this 


CYCLONE PRINCIPLE 
used in 
Lindberg Furnaces” 


REMEMBER the old grocery store back in the home town. 


how in the winter you used to edge up to that big stove 








and almost roast your back side while the rest of you darn 
near froze? Now contrast this with the theater you went to 
last night. You felt warm all over.—yet there was no heat 
actually created in the room. It was probably generated in 
a heating plant way down below the stage and blown up and 
out into the auditorium through numerous vents. 

Now let’s substitute a Cyclone tempering furnace for the 
theater. For the audience we'll substitute a charge of 
inch number six self tapping screws. If we place this charge 
of screws in the Cyclone furnace where the heat is accurate 
ly generated in a separate chamber away from the charge 
and then driven under high pressure and at a two mile a 
minute velocity into every part of the chamber carrying 
these screws, we can be sure that all will be quickly heated 
to exactly the same temperature. 

Just as the modern heating plant in the theater kept you 
warm not just on one side, but all over, so the unique 
Cyclone forced convection heating principle brings all parts 
of the charge to uniform temperature, turning out work 
within most exacting hardness tolerances. This speeds pro 
duction by eliminating rejections and the necessity of re 
tempering due to poor hardness uniformity. Startling cost 


reductions often exceeding 50% result from savings effected 






fuel idditional 


economies resulting from the saving of time formerly spent 


hy reduced consumption not to mention 


in washing oil quenched work, and the absence of frequent 


maintenance or repair shut downs. In these times of tar 
above-« apac ity -produc tion these points are really important 
to you. Many Cyclones have been known to show a « omplete 
return on the investment within 6 or 7 months 

Special bulletins giving a more detailed explanation of 
the Cyclone principle are available on request. Lindberg 


Eneineering Company, 229 North Laflin Street. Chicago 


Y 


J 
A 











TTT 


FLUE ~) 


a 
CHARGE 











OMBUSTION CHAMBER~ 
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LOOK TO LINDBERG FOR ACCURACY 


LINDBERG 


FURNACES 
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Personals 


W. J. Jeffries @ has been ap- 


pointed chief inspector, Phila- 


delphia Ordnance District, U.S.A 


Michael Bock, Il @, formerly 


with Republic Steel Corp. in But- 
falo, is now junior metallurgist, 


U.S. Navy Yard, Boston 


Transferred by General Elec- 
tric Co.: Walter L. Fleischmann 
&. trom industrial control engi- 
neering department to the works 
laboratory, where he will be en- 
gaged in electrical and mechanical 


development work. 


Ralph M. Gelburd @, formerly 
with Bethlehem Steel Co., is now 
a chemical supervisor, research 
and development, Merck & Co., 
Rahway, N. J 












... Containers and separating 
screens made of Inconel, stand 


up against heat and corrosion 


E \CEPTIONALLY suitable for 
4 nitriding equipment is the heat and 
corrosion resistant alloy, Inconel. Con- 
tainers of Inconel like those illustrated 
have been used as long as six years... 
and still good for further service. 

Screens for separating small parts dur- 
ing nitriding are also made of Inconel. 
in the form of expanded metal or wire 
cloth. Such screens permit free access 
of gases to all parts. Tubing employed 
for conveying ammonia gas into con- 
tainers is also made of Ine onel or Pure 
Nickel. 

Write for further information on use 
of Inconel for nitriding equipment. Ask 
also for Bulletins T-7, “Properties and 
Uses of Inconel” and C-8, “High Tem. 
perature Uses of Monel, Nickel and 


. 


Inconel 





with additions 


INCONEL 


uipment.., 


STILL GOOD 


AFTER 
6 YEARS’ 
SERVICE 


Mfa. Company.) 


ADVANTAGES OF 
INCONEL AT 
HIGH TEMPERATURES 


High strength and ductility maintained 
Makes ductile welds, not subject to inter- 
granular deterioration 


Free from excessive distortion during 
sudden temperature changes, due to low 
coefficient of thermal expansion 


Withstands constent vibration owing to 
high fatigue limit 
Highly resistant to a wide range of cor- 


rosive conditions 


Very resistant to oxidation, even at high 
temperatures. Oxide adherent and does 
not scale off 


Can be formed readily into complicated 
shapes 


° + i | oO vl & WN = 


Mill forms and welding rod available 
from mill stocks. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York, N. Y. 
. . ° 


a registered trade-mark of The Interna 


nal Nickel Company, Inc., which is applied t 
nickel alloy containing approximately 80 Nicke 


of chromium and iror 
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EK. H. Mebs @ has resigned 
metallurgist of the Ohio St 
Foundry Co., Lima, Ohio, to a 
cept a position with the Unit 
States Steel Corp. 


Harold M. Malm @ has left t! 
Lee Spring Co. to join Calli 
Tungsten Corp., Union City, N. J 
in connection with the alloy wit 


division, 


James E. Wilson @ has rv 
signed as metallurgist of t 
Bausch & Lomb Optical Ce 
Rochester, to become associat 
with Brace-Mueller-Huntley, Inc 
in Buffalo. 


H. A. Scallen &, formerly rep 
resentative in the New England 
territory for the Jessop Steel Co 
has been appointed district man 
ager for the Hartford branch 
H. F. Robertson has been ap 
pointed sales representative with 


offices in Hartford. 


F. G. Jenkins @, Ist lieutenant 
Ordnance Department, formerly 
with Eastman Kodak Co., has 
been ordered to active duty al 
Watertown Arsenal, and has been 
assigned as chief of the Procure 


ment Section. 


Lt. F. X. Bradley, Jr. @ is now 
involved in the organization and 
operation of the Air Corps Ad 
vanced Flying School at the new 
ly organized Southeast Training 
Center in Montgomery, Ala. 


A. Justus Larson @, formerly 
metallurgists assistant at Car 
negie-IIlinois Steel Corp. Home 
stead Works, is now. affiliated 
with the Eastman Kodak Co., 
Rochester, N.Y 


William Pennington @ has le! 
the American Rolling Mill Co. | 
take a position as industrial fe! 
low at Mellon Institute of Indus 
trial Research in Pittsburgh. 


Robert William Kinnear @ 
employed by the Allison Eng 
neering Division of Genera 
Motors Corp. in Indianapolis 
apprentice inspector on roug 


castings. 
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Jt SE do 
ein Ses You 


SPL EULLATLEIILEL 


rVtbae),te):11 8: (A LOW CARBON OPEN HEARTH PRODUCT) 


chi hiclaa lata SPARK 


SAVED PLUG 
MACHINE Manufacturer 


iy A TOOL —~SAVED 


thal hahaa lata 


ton of Steel SAVED DRIL Re yt per 
ay £0 ya — PRESS ton of 


Steel 
















et Manufacturer 


WASHING SAVED 
MACHINE $60°% ..: 


Manufacturer 


SAVED fo 
$4 SO per ton of STOKER 


Steel til hiclaitia ta 


ELECTRIC SAVED 
MOTOR $202 wn 


Manufacturer ton of Steel 


SAVED 
SPEED CASE STEEL X1515 


‘20% 

per ...is a Low Carbon Open Hearth Case Carburizing Steel that | 
ton of Steel Machines Like S.A.E. X1112 * Carburizes Like S.A.E. X1020 + Phys- 
ical Properties High * Shock Value Excellent * Unusual Ductility « 
it Will Increase Your Production and Lower Your Costs . 


SEND FOR SAMPLE @ TEST IT YOURSELF! 


Sole Licensee for Eastern State 






ton of Steel 














* 
i 


a THE FITZSIMONS COMPANY 





wabhantsiebiainesiiiteaaiinimmnianains hiatal “ch tia OHIO 


“fexovtesws’ MONARCH STEEL COMPANY 


HAMMOND CHICAGO INDIANAPOLIS 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS! 
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Personals 


Walter H. Lewis @ has received 
a leave of absence from Jones & 
Laughlin Steel Co. to go on active 
duty with the Navy. 


Elected president of the Ameri- 
can Standards Association: R. E. 


Zimmerman ©&,_ vice-president, 


Awarded the Holley Medal ol 
the American Society of Mechan- 
Charles F. Ket- 


Gen- 


ical Engineers: 
tering, chief of research of 
eral Motors 


member . 


Roy D. Johnson @ is now tech- 


Corp., honorary 


nical trainee with General Mills, 
Inc., Minneapolis. 

I. C. Sleight @ is a junior 
metallurgist with Wright Aero- 





United States Steel Corp. 


nautical Corp., Paterson, , OF 








FORMING DIES AMPC 
METAL’S hardness, its resistance t 
piening, wear 3 t result 





GEARS...the ‘ougnness and wecr 
resistance typical of AMPCO METAL 
recommends it for all types of 
gears, ranging from a fraction of a 


pound to hundrec's of pounds each 


F 





. AMPCO METAL 


BEARINGS 


s probably more widely used 


for bearing service than any 
other bronze t is noted for its 
stubborn 


squashing out and 


resistance to wear, 


shock loads 








like Protective Hands tor a 


SAFE LANDING! 


A critical moment—as plane and ground meet. 
If vagaries of wind and timing make the meet- 
ing a rough one, the landing gear must safely 
absorb severe impact. At points of greatest 
stress and shock in the landing gear of plane 
after plane, AMPCO METAL is used... undeni- 
able proof of the greater strength and longer 
wearing qualities of this dependable bronze. 


SPECIFIED for the “TOUGH” JOBS 
In other industries, as in aviation, you'll find 
AMPCO METAL widely used wherever excep- 
tional durability and resistance to impact, 
fatigue, wear and corrosion are required. It 
enjoys a unique reputation as “the metal that 
makes good when all others fail.” 


Have You a Problem of “Metal Failure”? 


Maybe AMPCO METAL can master a troublesome job 
for you. It's made in many grades and forms. Tell our 
engineering staff what you're up against, and they'll 
be glad to supply complete data and recommendations 


There's no obligation. Write 


AMPCO METAL, INC., Dept. MP-1, Milwaukee, Wis. 
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Harrison IL. Dixon ©, forme 
metallurgical sales engineer | 
Electro-Alloys Co., Cleveland, | 
been appointed assistant gene 
manager of Park Chemical ( 
Detroit. 


Promotions by Carnegie-Illino s 
Steel Corp.: E. E. Moore 6, 
vice-president, industrial re 
M. Jenks ©, to succeed 
Mr. Moore as general superi 
tendent of Gary Works; E. G. Hill 
S. to succeed Mr Jenks as assi 


tions: S. 


ant general superintenden 
Arthur D. Beers ©, formerly chic! 
metallurgist, to succeed Mr. Hill 
as assistant to general superin- 


At South Works: Harry 
A. Strain &, promoted to director 


tendent. 


of raw materials, fuel and power; 
M. J. Devaney &, to succeed M: 
Strain as assistant general super- 
Michael F. Yarotsky, 


to succeed Mr. Devaney as divi- 


intendent: 


sion superintendent of steel pro- 
duction; George E. Gustafson 6, 
to succeed Mr. Yarotsky as assist- 
ant superintendent of steel pro- 
duction; Howard A. Parker @, to 
succeed Mr. Gustafson as superin- 
tendent of No, 2 
George W. Bruce ©, to succeed 
Mr. Parker 
tendent of 


openhearth; 
as assistant superin- 


No. 2 openhearth. 


E. Robert Eaton © is now 
working in the metallurgical de- 
partment of Bethlehem Steel Co's 
Maryland plant. 


George McP. Glenn &, former!) 
Steel 


with 


with Jones & Laughlin 


Corp., Pittsburgh, is now 


Republic Steel Corp., Canton, © 


D. F. 


year’s 


Rundle @ is on a ol 


leave of absence’ from 
Centrifugal Fusing Co., Lansin 


Mich., where he was metallurgi 


to be on active duty with the 6! 
Coast Artillery at Ft. Sheridan, | 


Forrest S. Williams ©, form: 
ly a metallurgical technical a 
prentice at the American Ste! 
& Wire Co., Waukegan, IIL, hes 
accepted a civil service appoi 
ment as junior metallurgist at t 
Naval Aircraft Factory in Phi 


delphia. 
















g HEV DUTY 
Live ACES 


























To insure accuracy in their heat > 
treatment of aluminum alloy cast- | 
ings and to develope the maxi- = ts 

mum physical properties of the wre" a 
metal thru a controlled heat treat- a 

ing cycle, the QUALITY ALUMINUM 

CASTING CO. of Waukesha use eee 8. 
a Hevi Duty Pit Type Furnace. mee aa 


eter, > ; 
te hn. 


An HD 6084 Pit Type Furnace at the Quality Alumi- 
num Casting Company. Waukesha, Wisconsin 


Send for Hevi Duty Furnace Bulletins 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES PREWESDUFY evectric EXCLUSIVELY 
MILWAUKEE, WISCONSIN 
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. 
Wear Resistant Cylinder Liners 
\bstract from “Wear Resistant Coatings of Diesel 


Cylinder Liners” in S.A.E. Journal (Transactions 
January 1941, p. 28 


AREPUL “RUN-IN” of a diesel according to definite schedule. 
C engine (or other precision Its prime objects are two: (a 
machine) is a time when the To enable skilled attendants 
machine is brought from to adjust) oceasional abnor- 
idling upto full speed and load malities and assure a more 





FOR FERROUS 
AND NON-FERROUS METALS 





ze 






DESPATCH SI 





DESPATCH FURNACES 





Byrnace WMFORMITY <es"y  seenace 


uniformity is main- 
tained only when ample air volume and proper air flow is 
provided. The larger Despatch fan is capable of recirculating 
heated air over 400 times per minute to assure that necessary 
uniformity to every part of every load. Other New y J 
DESPATCH features reduce costs, speed up load handling, Write Today 
permit more flexibility and more service. Check Despatch FOR BULLETIN a1. 
specifications with your new furnace requirements. I 


DESPATCH OVEN CO. 


MINNEAPOLIS MINNESOTA 
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nearly uniform product, an 
(b) to “mate” all bearings 
The term “mating”, in this 
sense, does not refer to any 
improvement or change in th 
dimensional fit between bear 
ings, but does refer to an 
improvement in the compati- 
bility between the contact sur 
faces of all bearing couples 

An important “bearing 
couple” is the assembly of pis 
ton, piston rings and cylinde: 
liner. Rapid mating of these 
moving surfaces is necessary 
to establish almost’ immedi 
ately and to preserve the ini- 
tial working compression ratio 
of the engine. Any blow-by 
of hot gases will blast away 
the oil film, cause the lubricat- 
ing oil to change its nature, 
and erode the metal surfaces. 
In many respects the early 
stages of run-in are most crili- 
cal on the cylinder liner, at 
the very time when it is most 
difficult to maintain an elffec- 
tive film of oil. 

In the original S.A.E. publi- 
cation the surfaces of cylinde 
liners are illustrated at various 
magnifications and after vari- 
ous treatments. For instance, 

liner, finish honed, has helli- 
cal seratches clearly apparent 
even though they are 1'2 to 3 
micro-inches deep. After a 
10-hr. run-in’ these micro- 
cratches were partly obliter 
ated and replaced by anothet 
and even deeper set, straight 
and parallel to the = axis. 
The remaining honing marks 
would have been obliterated 
in the next 4 or 5 hr. of full- 
load running. 

The seratches that are 
prominently noticeable upon 
the liner bore surface after 
honing and after run-in are 
directly associable with defor- 
mation of the surface metal 
beyond the yield point. Such 
deformation adjacent to each 
cratch fulfills the basic 
requirements of work harden- 
ing. Since honing subjects 
the surface to deformation 








through metal removal as well 
as through flow by seratching, 
it is conclusive that the honed 
bore is coated with a_ thin 
laver of work-hardened = or 
strain-hardened metal in ran- 
dom. distribution. Many of 
the wear resisting properties 
of the bore surface are derived 
from a coating of strain-hard- 
ened metal upon it; it is the 
formation of such metal coat- 
ing, properly oriented in the 
direction of reciprocation, that 
constitutes the “surface con- 
ditioning” 

It was remarked above that 
the early stages of run-in are 
critical. In the beginning, 
the surface of the liner is 
notoriously difficult’ to lubri- 
cate, for not only is” the 
dynamic surface energy low- 
ered by adsorbed gases and 
machine oils but also there are 
few regions on the surface to 
serve as capillaries, The hon- 
ing scratches are very shallow 
in proportion to their width; 
therefore, they offer little aid 
in the retention or spreading 
of lubricating oil. The ability 
of the graphitic carbon of the 
cast tron to aid in either hold- 
ing or spreading lubricating 
oil over the new liner bore 
surface has been, in the writ- 
er’s opinion, over-estimated;: 
this property of the graphite 
is not fully developed until 
after it has been fully exposed 
by the removal of the metal 
flowed over the flakes by hon- 
ing and by running-in. 

When any amount of metal 
at the surface is deformed into 
a new orientation, work must 
have been done upon. the 
metal so deformed. When the 
amount of this work is large 
with respect to the deformed 
mass, and when the work is 
done at a rapid rate, the metal 
involved will rapidly rise in 
temperature. Unless the two 
bearing surfaces are suf- 
ficiently isolated by the lubri- 
cant, welding will occur. At 
any time the conduct of the 


run-in must be so gradual 
that seizure or welding will 
never become of such magni- 
tude to cause “scratching” o1 
“scufling” 

Many of the problems asso 
ciated with the running-in of 
honed cylinder liners have 
been alleviated by giving the 
liners chemical treatment as a 
final operation prior to engine 
assembly. The liners, after 


finish-honing, are cleaned and 





then immersed in a concen 
trated water solution of sodium 
hydroxide and a small amount 
of sulphur The process 1s 
one of etching and, literally, 
might be called “a controlled 
pitting process”. Any free fer- 
rite at the bore surface (Cand 
free ferrite should not be in 
any bore surface) is etched 
from the matrix. The carbide 
constituent of a pearlitic 


Continued on page 106 











BULL’S EYE 


on the spot you name 


Pre-Planned stainless steel does a 


of things for vou. Lt hits vour production 


plan dead center fits into your schedule 


without “kinks.” lost time or need 
continued experimentation It mean- 
easier, speedier fabrication and reduces 
costs 

If vou know stainless steel, vou know 


what an infinitely varied family it is 


select and produce the exact grade whose 


performance and properties are uniformly 


ALLEGHEN)Y Lipttw STREL CoRPOR Cris 


‘ 
/ - 


STAINLESS STEELS PRE-PLANNED 
TO YOUR NEEDS 


right both for vour fabricating and field 


onditions requires the technical back- 
round and experienced skill of a pioneer 
Phat =< what voure offered in Allegheny 
Stainles- 

Phese fine steels are produced in 
every needed form or shape from 
wire to huge castings. No matter where 
vou re located thy miost-used shapes 
are available n onvenrent warehouse 
stock «= 

(FeNeRAL Opnrrces: Prrrssunen, 
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PULL YOUR GUIDE COSTS «Out of the Doghouse” 
with TRANTINY EL 


r 





Undisputed masters of the 
Youngstown plant are Biff and 
Rio, cocker spaniels responsible 
for the testimonial above. Hav- 
ing the run of the plant and of- 
fice, these dogs are in a position 
to observe the remarkable 
things being done with TRAN- 
TINYL, the ideal production 
metal. 


Since dogs don't usually talk. 
you'll have to rely on the state- 
ments by users of TRANTINYL 
who say “Ten Times the Wear” 
—"Turn After Turn Untouched” 
—"No Scratching’ —”Unbeliev- 
able Guide Tonnage and Low 
Scrap.” These comments come 
from operating men who have 
proved Trantinyl’s outstanding 
merits. 





You, too, can pull your guide 
performance “Out of the dog- 
house.” Let us show you how. 












- 








YOUNGSTOWN ALLOY CASTING CORPORATIO 
Youngstown, Ohio, US. fi. 
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SPENCER TURBO-COMPRESSORS 


The more than 50,000 Spencer centrifugal blowers and exhausters in service 
today are evidence of the general acceptance of these units for all applications 
of low pressure air. The line has been developed to include many types—a 
complete range of sizes from % to 300 H.P. Gas-tight, corrosion-resistant, acid- 

~ resistant, single and multi-stage, four bearing and other types are available for 
special applications. 

The standard design of a Spencer Turbo-Compressor consists of an overhung 
machine with the impellers mounted directly on the motor shaft. This reduces 
the wearing parts to only the motor bearings, thereby assuring long life with the 
minimum amount of maintenance. By means of this construction maximum 
efficiency is maintained and shutdowns caused by breaking or slippage of belts or 
couplings are eliminated. 


ADVANTAGES: 


Essentially constant pressure throughout the range of the machine. 

Power input is in direct proportion to load, 7. e. volume delivered. 

Volume is variable from zero to rating of blower. 

No pressure control device necessary; inherently self governing both as to pres- 
» sure and power consumption. 

Air is delivered in a smooth, continuous flow. 

Air delivery is both clean and dry. 

Smooth, quiet operation without vibration. 

No special foundation required. 

Unlimited life due to freedom of wearing parts. 

No decrease in efficiency throughout life of machine. 


APPLICATIONS: 3. Pneumatic Tube Systems 6. Agitation of Liquids 


“ae - > 


1, Gas Burners 4. Foundry Cupolas 7. Pneumatic Conveying 
2. Oil Burners 5. Gas Boosters 8. Miscellaneous 
BULLETINS: 


Turbo-Compressors No. 105-B, Data Book No. 107, Gas Boosters No. 109, 
Four-Bearing No. 110, Blast Gates No. 122, and Foundry No. 112 


SPENCER twreo-compressors 


MIDGET « SINGLE-STAGE « MULTI-STAGE 
HARTFORD 35 to 20,000 cu. ft. « %to JOO HP. «¢ 8 oz. to 5 Ibs. 


THE SPENCER TURBINE COMPANY. HARTFORD, CONN. 
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ess” and developed by Stand- showed before chemical trea 


Cylinder Liners 


ard Oil Co. of Calif.) the ment. Dull appearance 

surface becomes deep gray, attributed to the residual pi 

almost black in_~ color. Its in the surface, too deep to |} 

surface roughness is largely removed during the run-in. 

Continued from page 91) increased from the 142 to 3%. It is believed that th 
matrix is also reacted upon micro-inches of the honed sur- chemical treatment makes tl 
by the solution and the ferrite face to 9 to 11 micro-inches. liner bore surface more su 
in the fine lamellar pearlite is After run-in this is reduced ceptible to safe run-in b 
etched away leaving pits filled slightly to 7 to 9%. micro- removal of the undesirab 
with etching end-products. inches, and the bore surface components of surface comp 
After such treatment has not recovered the bright sition; by deposition of cer 
(known as the “Surfide Proc- shiny appearance which it tain chemical end-products on 


the surface; and by change in 
the surface configuration. 
The important surfac: 
metal to be removed by the 
etching is the strain-hardened 
metal formed on the surfac 
by honing, so that the metal 
exposed is comparatively soft 
and more susceptible to plas 
lic movements during run-in 
It is held that the mos! 
readily welded constituent of 
the cast iron of either pisto: 
rings or liner is free ferrite, 
and the removal, by etching 


Ordered in last thr . ‘ , . 
months —21 AMCO . of exposed ferrite in eithe: 


PIT FURNACES. 


total heating piston ring Or Cy linder adds | 


2,500,000 ton 


the facility of the run-in. Cor 
rosion also removes certai 
loosely held particles at th 
very surface which otherwis 
would drop out and promot 
scufling and seratching. 

The coating deposited on 
the liner bore by etching i 

AMCO.- designed the caustic sulphur solution 
Pulverized Coal Systems ; ar 
serves in several capacities 
Its composition is ferrous 
oxide and ferrous sulphide 
not only does its matte sui 
face facilitate rapid spread of 
lubricating oil, but also oil i: 
retained in the porous inne 

a utinnens Roll structure of the coating. 

Gon Innealins Rotary Hearth When the temperature of 

urnace Furnaces . 
small surface area is cause 
to inerease rapidly throug 
deformation, sulphur, fron 
decomposed ferrous sulphid 
will help prevent welding. 
Continuous Bloom a)? The microscopic pil 
Heating Furnaces ' : 
formed by etching, with the! 
porous sulphide-oxide co! 
tents, serve as reservoirs | 


1A Amsizrn-Morton Comeny ee 


FULTON BUILDING bd PITTSBURGH, PA. oil for local surtace needs. é 
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INDUSTRIAL 
FURNACES 
for Maximum Efficiency 












































- or twenty years “AMERICAN” Elec- 

tric Furnaces have met in full the de- | 
mands of modern industry. ““AMERI- 
CANS” were pioneers in a majority of 

the time-saving and cost-reducing de- 
signs considered today as common prac- 

tice. 


Their record of past achievement was 
the prime factor in their selection as 
standard equipment for several promi- 
nent arms manufacturing plants now en- 
gaged on U. S. Defense Orders. 


What “AMERICANS” have done for 
others they can do for you. 


Ask today for our recommendations. 


_—_—_————— 
————S—_—_—_— 
— 





a 
"imerican Liec hace LOmpan 


30 VON HILLERN ST. * BOSTON, MASS. U. SA. 





Industrial Furnaces for All Purposes 
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3.7-In. Shell 


(Continued from page 538 


guide the stationary piercing 
punch, which is threaded and 
seated in’ the cylinder head. 
Thus, the billet’ is accurately 
located in the die pot by its 


beveled edges, and the piercing 


punch is guided by the locating 


pad which has entered the die 
pot. Through this arrangement, 
the hole 


the forging 


must come central in 


Maintenance of piercing 


punches is a problem. The 
punch is in contact with hot 
metal about 4 sec... and on with- 


drawal is sprayed and _ cooled. 


Number of operations per hour 
is reduced to half the theoretical 
speed of the machine in order to 
the 


prevent overheating 





x. 


CENSORSHIP 


INSTEEL \ 


Outstanding success in censoring im 
purities has been achieved by using 
either high or medium-carbon Ferro 
Carbon Titanium as the final deoxi 
dizer in the ladle. We'll be glad to 


send you data on its successful use 


TITANIUM 


ALLOY MANUFACTURING COMPANY 


f 





OFFICES AND WORKS: 
OFFICES: 111 


GENERAL 
EXECUTIVE 

Representatives for the Pacific Coost 

Representatives for Canoda Railway & Power Eng. Corp., itd 


Representatives for Evrope 


NIAGARA 
BROADWAY 


Balfour, Guthrie & Co 


T. Rowlends & Co., itd 


FALLS, N. Y., U. S. A. 
NEW YORK CITY 

San Francisco, Los Angeles, Portiand, Seattie, Tecoma 
Toronto, Montreal, Hamilton, Winnipeg, Vancouver, Sydney 


23-27 Broomhell St., Sheffield, Engiend 
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punches, yet even so the ten 


is drawn in about an hour \( 


yperations). The punch can by 


redressed and retreated tw 


three times. Best material so a) 
found is a hot die steel contsin 
ing 0.30 
3.20 


vanadium, 


tungs' en 
and 04 
treated as [ol- 
1550° F., slow 


carbon, 11 
chromium 
heat 
lows: Anneal al 
cool in furnace, preheat 2 hr. at 
1200° F., then up to 1500° F 
in still air, doub| 


15 min., cool 


draw 2 hr. each in salt baths at 
1325 and at 1175° F. to Rockwel 
C-30 to 32. 

The “bottle” from the piere- 


ing press is put into a holding 


furnace to equalize temperatui 
and then placed in a V-block 


front of the roll housings. A 
mandrel about 0.03 in. smaller 


than the piercing punch is thrust 
forward by a hydraulic cylinder 
and, bottoming in the shell cay 
ity, pushes the hot steel bottk 


i 


through a series o! five closely 
set roll housings that reduce its 
outer diameter from about 5 in 
increase its 
Each of 
contains — three 
120° and 


so Shaped that the round central 


to about 4 in., and 
length to about 15 in. 
these housings 


rolls set with axes at 


passage is completely enclosed 
On the 


forging 


ram’s return stroke, the 


is engaged by a set ol 
fingers set Just beyond the last 
Hot 


forgings are closely stacked on 


roll and the ram pulls free. 
end in a sand bed, so they nor 
malize by slow cooling. 

The ram or mandrel is made 
of the 


piercing 


same material as_ the 


punch, and is wate! 
cooled after each operation and 
mixture 

p: ts 
life | 
1000 operations before redress 
Rollers 


then swabbed with a 


1 part graphite and 5 


quenching oil. It has a 


ing is required. 

made ol heat treated st 
analyzing 0.55 carbon, 0.7 
chromium, 1.60 nickel 


0.75°> molybdenum. After 25 
the 
down to the next size; this lif 
that of d 


rings. S 


operations rolls are tu! 


far greater than 
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When Tooling up for Muni- 
tion Parts, save TIME — 
MONEY and WORRY by us- 
ing these Proved Cutting 
Fluids FROM THE START! 


W idel 
STRAIGHT the airs 

CUTTING O/L Baie 
Stuart's 
LL 


WATER "yc ai 
SOLUBLE thle of hand 
CUTTING OIL . reading ae 


Stuart's [ae 
SOLVGL higher cut 


WATER 

SOLUBLE 
GRINDING . 
COMPOUND 


® T! | { rinding « 
Stuart's [ere 
a caeenandneeneeemn the United Sta P . | 
CODOL iam 
advanced 
lubr 


THREAD ‘ 
GRINDING OIL 


eS nn ce Stor ene 
TK-99 or a ee Oe 
SK-81XR 
Lubrication 


‘e ee 
of “Ways 
ing the tough problems of achieving 


“STURACO™ L- 10) maximum production on munition 


The matter of adequate parts work. STUART OILS to- 
gether with STUART OIL Engi- 


neering Service will help set you 


"TAKE advantage of the lessons 


that others have learned in solv- 


lubrication of ways, 
when machine tools are 
overloaded. is impor- 
tant and calls 
for a special 


up for top efiiciency—right from 
the start! 


lubricant. 


Write... wire. or phone to- 





day for trial drums of these Stuart 
Preducts. You'll get 100) satisfac- 
tory performance or 100% credit 


That’s our guarantee. 


For All Cutting Fiuid Problems 
D. A. STUART OIL CO., Ltd. 


CHICAGO, U.S.A. ESTABLISHED 1865 


Warehouses in All Principal Metal Working Centers 
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NEW Low Temperature 
WELDING ALLOYS 


Cold Weld Rod for CAST 
IRON Castolin No. 15 


For Brazing STEEL Castolin 
No. 16 


For Brazing and Welding 
ALL MINUM Castolin No. 190 


For Brazing CAST ALL™MI 
NUM Castolin No. 210 
inv isible thin fillets 


Information Please 


For CAST IRON Castolin No 
14 


EUTECTIC 
Welding Alloys, Inc. 


(Castolin Process) 


40 Worth St 
New York, N. Y. 














“2300° F. FROM A COLD START IN 30 MINUTES” 
SayS R. A. KAPLAN, President Owatonna Tool Co. 
of the 


JOHNSON No. 120 
FURNACE for 
HI-SPEED STEELS 


Pedestal Type 

Bench Style $101.50 
An sential unit for general machine an 
te —\ she »ps Gives clean, speedy heating o 
all types of steel Carborundum hearth is 
standard equipment, with burner flame be 
low hearth Peep-hote in front door 
equipped with pyrex window, gives operator 
better vision of ny being heat treated 
without opening do 
Temperature regulatic nm eas 

s adjustments Johns 
iron housing cast ales minum 
General Electric Me vt r Firebs x 
7% x5 lined with 2 insulating re 
tory Available in larger sizes send speci 
fications for quotations 


CLIP AND MAIL TODAY 


ne full free informatior 


jos ; HNSON GAS APPLIANCE (; 


edar Rapids k= 


604 E Ave. N. W 


IOWA 


ESTABLISHED 1901 
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“Radio Principle” 
CONTROLLERS 
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The Wheelco “Radio Principle” control system 


has been thoroughly proved, by practically every 
conceivable control application, to effect closer 
control than any other known principle. 


Wheelco “Radio Principle’ Temperature Con- 
trollers eliminate the faults inherent in mechani- 
cal type controllers by employing a simple elec- 
tronic principle to achieve “No-Contact” control. 
Diagram above shows operation. Frequency of 
oscillating current flowing between coils “A”, 
mounted on temperature setting lever “B”, is 
changed when metal flag “C”, mounted on tem- 
perature indicating pointer arm, is moved be- 
tween coils by temperature rise. Change in 
frequency operates to de-energize solenoid coil 
and open relay contacts. Relay can be used to 
operate fuel valve, etc. Wheelco “Radio Prin- 
ciple” results in faster, more accurate control 
because of its instantaneous action and freedom 
from interlocking between indicating and control 


sections. 


The unexcelled sensitivity of this principle is 
very efficiently employed in the Wheelco Poten- 
tiometer Controller “Potentio-trol’, described on 


the opposite page. 


Descriptive litera- 
ture on “Radio Prin- 
ciple” Controllers 
will be sent prompt- 
ly on request. 


Forging stainless 


(Continued from page 59) 
treated or annealed. Steam valve seats in 
usually quenched from 1750° F. into oil, and 
drawn at approximately 900° to hardness of 
about 321 Brinell. At this hardness they wil) 
resist wear and “wire cutting” by steam. Valy 
stems from the free machining grade are treated 
to hardness values of approximately 241 Brinell, 
and are easily machinable at this hardness. Thy 
presence of sulphur in the alloy helps to avoid 
galling on rubbing surfaces or seats. 

Cutlery items are quenched from tempera- 
tures around 1800° F. or higher. Such high tem- 
peratures are necessary to get the best corrosion 
resistance. The higher carbon alloys for cut- 
lery are quenched from 1850 to 1900° F. to get 
maximum hardness; the high temperature is 
required to get the chromium carbides in solu- 
tion. Tempering may be around 400 to 500° F 
and the hardness will then be higher than 50 
Brinell. 

Any items of this group can be annealed 
by slow cooling from 1550° F. The low carbon. 
16° chromium alloy of Group No. 2 is always 
annealed at about 1500° F. 

Alloys of Groups 3 and 4 are practically 
always annealed after hot work. The tempera 
tures will be in excess of 1800° F., and heating 
is followed by quenching in water to retain thi 
austenitic condition (all carbides in solution) 
The forgings will be comparatively soft, their 


hardness measuring under 175 Brinell. 
Finishing 


All forgings require some method of clean 
ing. Usually they can be sand blasted, tumbled 
and then pickled in proper acid solutions. Sul- 
phuric and hydrochloric will be suitable fo! 
items made of the martensitic or ferritic alloys 
Nitric acid containing hydrofluoric or hyd 


chlorie acid is necessary to take the scale off | 
austenitic alloys; this is followed by a dip 
HNO, for “passivation”. Generally such parts 


are machined or may be ground and polished. 
depending upon the application. Valve se: |s 


are machined. Cutlery and golf club heads 


ground and polished. Balls, bearing races, va’ 


- 


stems and valves are given a high finish 


aw 


grinding and even lapping. 








On 


aw 





Mn-Si Steels 


(Cont. from p.74) The curves on page 74 show 


tensile, impact and hardness tests after double 
and single quench from temperatures suitable 


for case and core. No advantage accrued from 


double heat treat as compared with single. 


Carburizing tests were made, 6, 10 and 14 
hr. at 1715° F. in a mixture of 10 parts charcoal 
and 1 part sodium carbonate. The accompany- 
ing micro at 100 diameters shows a typical car- 
burized structure; this particular one is Steel A 





Vicrostructure (100) of Carburized Case on 
Cr-Mn-Si-Cu Steel A After 14 Hr. at 1715° I 


(with copper) after 14 hr. General conclusions 
lo be drawn are: 

I. Fourteen-hour carburizing is best, giv 
ing a hyper-eutectoid zone 0.015 in. thick and an 
eutectic (fully pearlitic) transitional zone 0.050 
lil, thick. 

ll. Type A carburizes somewhat slowet 
than Steels B and E. 

Ill. Type A has the smallest grain size. 

IV. Type B has the most uniform eute¢ 
loid zone. 

Transmission gears made from Steel A, 
carburized, and oil quenched gears from Types 
€ and D, were run in competition with gears 
of similar treatment made of appropriate chro- 
mium-nickel steels, and gave equally good 
results in the way of wear resistance. 

M. P. Brown 


Chief of Metallurgical Laboratory 
Stalingrad Tractor Works 




















Wheelco Potentiometer Controllers “Potentio- 
trols” are designed for those applications requir- 


ing the utmost accuracy and sensitivity. 


Wheelco “Potentio-trols” combine the “Radio 
Principle’ control system, described on the oppo- 
site page, with the well known accuracy of poten- 
tiometric temperature measurement. “Potentio- 
trols” do not employ contacts, depressor bar 
mechanisms, cams or other mechanical moving 
parts that interfere with the dependability of the 
instrument's performance and require periodic 
attention. Lag time between temperature devia- 
tion and control is completely eliminated. The 
standard cell, used in other potentiometers, has 
been eliminaied to permit the use of the instru- 
ment at low temperatures without danger of freez- 
ing. The same meter movement is used for stand- 
ardizing and controlling. Automatic compensation 
is provided for thermocouple cold junction tem- 


perature. 


“Potentio-trols” are available in two position, 
three position, proportioning, and program models. 


Scale ranges between 0 F. to 3600° F. 


Write for Bulletin 
12-2 for complete 
information on the 
Wheelco “Potentio- 
trol”. 




















ECONOMICAL - FAST - ACCURATE 


for all 


HEATING OPERATIONS 


250 to 1350° F. 





This continuous CIRC-AIR furnace is used for heat- 
ing aluminum billets prior to extruding. Hearth 
dimensions of the unit are 32 ft. long by 4 ft. wide 
by 1 ft. high. Capacity is 2000 lb. of aluminum 
(or 4000 lb. of steel) per hr., heated to 1050 deg. F. 
Equipped with five conveyor chains, each sepa- 
rately controlled, permitting variation in heating 
time for each line according to size of billets, and 
the billets may be left in the furnace indefinitely as 
the furnace runs without temperature head. Pieces 
heated in this furnace attain the uniform tempera 
tures characteristic of work heated in Circ-Air fur- 
naces. These units are adaptable for all heating 
operations from 250 deg. F. to 1350 deg. F. They 
are available in a wide range of sizes to meet 
varied production requirements from 200 to 16000 
Ibs. per hr. 











“Circ-Air’ Units are used in the following indus 


tries: AUTOMOTIVE—For Drawing. Bluing. Solder ‘ 
ing. Steel and Welded Parts — Stress Relieving: Let us quote on your requirements. 
ALUMINUM—For Hardening, Normalizing, Drawing, Send for CIRC-AIR Bulletin No. 6 


Billet Heating for Extrusion and Forging: BRASS 
—For Annealing, Coloring, Sweating and Soldering. 


INDUSTRIAL HEATING EQUIPMENT CO. 


Manufacturers of Industrial Furnaces and Oil Burners Since 1917 


3570 FREMONT PLACE DETROIT, MICHIGAN 
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